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1.0 INTRODUCTION 

1.1 GENERAL 

The existing landfill at U.S. Naval ~tation Roosevelt Roads has been in operation since the mid-1960s on 

approximately 85 acres of land in the southeastern area of the base, positioned on a peninsula bowtded by 

Ensenada Honda to the West and Puerca Bay to the South and East. The sanitary landfill operation was 

initiated using trench fills (below grade) wttil it reached the original intended capacity in 1990. Currently, the 

landfill is operated using area fills within the general boundary of the existing landfill area. 

The operation of the site was perfomied by U.S. Navy military and civilian personnel wttil approximately 

1985. Froh11985 to present, operation has been provided by private contractors, References indicate that a 

permit application was originally submitted to the Puerto Rico Envirorunental Quality Board (EQB) in 1979 

for approval. However, the original design of the existing landfill is unknown, and original design documents 

are not available. 

Continued use of the landfill area is urgently needed for present and future operation of the base. In early 

1997, a Construction Permit Application, Operating Plan, Growtdwater Monitoring System Implementation 

Plan and Sampling and Analysis Plan, and design drawings for a new mwticipal solid waste (MSW) landfill 

cell on the existing site were submitted to EQB. A construction permit for the new MSW landfill cell has 

been issued by EQB, and development of the new cell is wtderway. 

1.2 PURPOSE 

This purpose of this document is to revise and update the 1997 Sampling and Analysis Plan (SAP). This 

document is written by Burns & McDonnell Waste Consultants, Inc. (BMWCO for semiannual growtdwater 

sampling rowtds at the U.S. Naval Station Roosevelt Roads Sanitary Landfill. The SAP includes an overview 

of the field activities and procedures for groundwater sampling, monitoring well redevelopment, statistical 

analysis of the data and reporting. 
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1.3 REGULATORY PR6GRAM OUTLINE 

1.3.1 Federal Program 

On October 9, 1991, the Environmental Protection Agency (EPA) promulgated standards for new and ... 
existing municipal solid waste landfills (MSWLFs) under RCRA Subtitle D. The new rule established 

minimum national criteria for the location, design, operation, cleanup, and closure of MSWLFs under 

40 CFR Part 258. States and territories that obtain authorization for individual programs are allowed to 

exercise flexibility in implementing the new criteria. Owners/operators located in states and territories 

without approved programs must strictly comply with the federal requirements. 

1.3.2 Puerto Rico Program , 

The Non-~ardous Solid Waste Regulations (NHSWR) published by the EQB comply with 40 CFR Part 

258. Groundwater monitoring programs at MSW facilities are governed by Chapter VD of these regulations. 

The NHSWR for groundwater monitoring at sanitary landfills in Puerto Rico set forth requirements and 

, methods of satisfactory compliance to ensure that the design, construction, and operation of sanitary landfills 

will protect the public health, prevent nuisances, and meet applicable environmental standards. The 

requirement subsections contained in each section of the regulations delineate minimum levels of performance 

required of any sanitary landfill operation. The satisfactory compliance subsections are presented as the 

authorized methods by which the objectives of the requirement can be met. Other techniques for meeting the 

requirement of the rule can be used with written approval from the EQB. Part of the groundwater monitoring 

requirements listed in the satisfactory compliance subsections may be waived or altered if the owner/operator 

can demonstrate that a potential does not exist for migration of fluids generated by the sanitary landfill to the 

underlying groundwater. 

The requirement subsection for groundwater monitoring states "a groundwater monitoring system shall be 

installed ... to yield groundwater samples from the uppermost aquifer that represent(s) the quality of 

background groundwater that has not been affected by leakage from a unit and represent(s) the quality of. 

groundwater passing the point of compliance" (VII: Rule 554.l.A.). EQB requires that analytical methods 

which accurately measure hazardous constituents and other groundwater quality parameters be used (IV~C: 

Rule 556.1 ). 
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The NHSWR requires that the monitoring wells be capable of monitoring the uppermost aquifer. 

Groundwater samples shall be analyzed semiannually for Appendix I parameters. which are found in 

Appendix A. .. 

Existing sanitary landfills must be rn compliance with the EQB NHSWR according to the following schedule: 
"' 

• By October 9, 1994, iflocated less than l mile from a drinking water intake (surface or 

subsurface) 

• 

• 

By October 9, 1995~ if located between 1 and 2 miles from a drinking water intake (surface 

or subsurface) 

By October 9, 1996, if located more than 2 miles from a drinking water intake (surface or 

subsurface) 

The regulations require the groundwater monitoring system to be capable of yielding groundwater samples 

for analysis. Upgradient groundwater· samples should be representative of background water quality not 

affected by the sanitary landfill. Downgradient groundwater samples should be capable of detecting 

significant amounts of fluids generated by the landfill that migrate to the groundwater. The design arid 

installation of the groundwater monitoring system must be certified by a qualified groundwater scientist and 

must be approved by the EQB. The operation of that groundwater system may not begin without an SAP 

certified by a licensed chemist authorized to exercise the profession in Puerto Rico. The SAP must also be 

approved by the EQB. 

The owner/operator must first submit a Groundwater Monitoring System Implementation Plan (GWMSIP) to 

the EQB for approval. The plan must include procedures and techniques for the following activities: 

• Design of the groundwater monitoring system· 

• Activities to be completed in order to build the system 

• Activities to be performed for operating the system 

• A specific activity schedule, including the date when the system will be ready for startup. 

PRSAPO l.doc l-3 
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The om1er/operator must also submit an SAP to the EQB for approval. The program must include 

procedures and teclmiques for the following, activities: 

• Sample collection' 

• Sample preservation and shipment 

• Analytical procedures 

• Chain-of.·custody control 

• Quality assurance and quality control (QNQC) 

The samJlli!tg and analytical methods must be appropriate for groundwater sampling and accurately measure 

hazardous constituents and the monitoring parameters. The analysis must be performed on unfiltered 

samples. 

The following sections describe the requirements for the initial background sampling, subsequent sampling 

L events, assessment monitoring, and corrective action, if necessary. 

1.3.2.1 Initial Sampling 

In accordance with the requirements of Rule 557, an initial sampling must be conducted in which 

groundwater is collected from all wells in the monitoring well network to establish the background 

groundwater quality. It should be noted that the site is located at an existing landfill. The current landfill is a 

Solid Waste Management Unit (SWMU) undergoing corrective action following Resource Conservation and 

Recovery Act (RCRA) standards. The initial sampling consists ofthe collection of a minimum offom 

independent samples from each monitoring well. The samples must be collected following the field, 

laboratory, and QNQC procedmes described in the SAP, and analyzed for Appendix I groundwater 

monitoring parameters 
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1.3.2.2 Subsequent Sampling Events 

After the initial sampling for background is"Completed, groundwater samples must be collected from each 

well (upgrad.ient and downgradient) on a semiannual basis. The samples again must be collected following 
• 

the field, laboratory, and QAJQC procedures described in Section 1 of the SAP and analyzed for the 

Appendix I parameters. The EQB may specify an alternative frequency for repeated sampling and analysis 

during the active life of a landfill and the post-closure care period. 

The results of the sampling must be analyzed by following the statistical procedures described in the SAP. If 

the owner or operator determines that there is a statistically significant increase over background for one or 

more of ~Appendix I parameters at any monitoring well at the relevant point of compliance, the owner or 

operator must place a notice to this effect in the operating record and forward a copy of this notice to the 

EQB. Within 90 days, the owner or operator must demonstrate to the EQB that a source other than the . 
landfill caused the contamination or that the increase resulted from an error in sampling, analysis, statistical 

evaluation, or natural variation. If the owner or operator cannot make this demonstration to the EQB, the 

owner or operator must submit a plan for a groundwater assessment monitoring program to the EQB. 

1.3.2.3 Assessment Monitoring 

Within 90 days of beginning an assessment monitoring program, and annually thereafter, a sample must be 

collected from each downgradient well and analyzed for Appendix II groundwater monitoring parameters, 

which are found in Appendix A. For any new constituents detected during assessment monitoring (not 

detected during detection monitoring) in the downgradient wells, a minimum of four independent samples 

from each well (upgradient and downgradient) must be collected and analyzed to establish background 

concentrations for the new constituents. Within 90 days of the Appendix II background sampling just 

described, and semiannually thereafter, the owner/operator must sample and analyze for the Appendix I 

parameters and for those Appendix II parameters detected during the background assessment sampling. The 

resulting concentrations must be placed in the operating record. The samples must be collected and analyzed 

in accordance with procedures described in the SAP. 

Groundwater protection standards must be established for any Appendix II parameters that were detected, 

using the following the guidelines: 
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• For constituents for which a maximwn contaminant level (MCL) has been promulgated 

under Section 1412 of the Safe Drinking Act under 40 CFR Part 141, the MCL for that 

constituent. 

• For constituents for which MCLs have not been promulgated, the background concentration 

for the constituent established from wells based on the results of the initial four independent 

background samples. 

• For constituents for which the background level is higher than the MCL promulgated under 

~' 
Section 1412 of the Safe Drinking Act under 40 CFR Part 141, the background 

concentration. 

• A level established by the EQB baSed upon a consideration of relevant factors, including, 

multiple contaminants in the groundwater, exposure threats to sensitive environmental 

receptors, and other site-specific exposure or potential exposure to groundwater. 

After obtaining the results from sampling events, the facility must complete the following activities: 

• Within 90 days of obtaining the results and on at least a semiannual basis thereafter, a 

minimwn of one groundwater sample must be collected from each well (up gradient and 

down gradient) for analysis of all Appendix I parameters and the Appendix II parameters 

detected during the initial assessment monitoring sampling event, and record the 

concentrations of each constituent in the facility operating record and notify the EQB ofthe 

constituent concentration. 

• Collect and analyze groundwater samples from each downgradient monitoring well for the 

complete list of Appendix II parameters on at least an annual basis. 

• Establish background concentrations for any new constituents detected during subsequent 

monitoring events. 
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• Establish groundwater protection standards for all new constituents detected during 

subsequent monitoring events. 

If the concentrations of all Appendix II parameteFS are shown to be at or below background values for two 

consecutive sampling events, the facility may petition the EQB to return to detection monitoring. 

If the concentrations of any Appendix II parameters are above background values, but all concentrations are 

below the groundwater protection standard previously established in this section, using the statistical 

procedures described in the SAP, assessment monitoring must continue. 

If one or IJ\Ore Appendix II parameters are detected at levels above the groundwater protection standard, the 

owner or operator must determine if a source other than an MSWLF unit caused the contamination or the 

statistically significant increase resulted from an error in sampling, analysis, statistical evaluation, or natural 

variation in groundwater quality. A report documenting this demonstration must be prepared and submitted 

for approval by the EQB. If a successful demonstration is made, the owner-or operator must continue the 

assessment monitoring program and return to detection monitoring if the Appendix II constituents are at or 

below background for two consecutive sampling events. Until a successful demonstration is completed, the 

owner or operator must proceed with the following tasks: 

• Characterize the nature and extent of the release or spill by installing additional monitoring 

wells as necessary. 

• Install at least one additional monitoring well at the facility boundary of the facility in the 

direction of contaminant migration and sample according to procedures specified in the SAP. 

• Notify all persons who own land or reside on land that directly overlies any part of the plume 

of contamination if contaminants have migrated off the site. 

• Continue assessment monitoring according to the groundwater assessment monitoring plan 

and corrective action program. 
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1.3.2.4 Corrective Action 

The following section is a swnmary of the rules regarding corrective action stated in Rule 559 of the Puerto 

RicoNHSWR 

The assessment of corrective action measures must include an analysis of the effectiveness of potential 

corrective measures in meeting all of the requirements and objectives of the remedy. The corrective measures 

assessment report must address at least the following items: 

• The performance, reliability, ease of implementation, and potential impacts of appropriate 

potential remedies, including safety impacts, cross-media impacts, and control of exposure 

~-, to any residual contamination 

• 

• 

• 

The time required to begin and complete the remedy 

The costs associated with the implementation of the remedy 

The institutional requirements, such as federal or local permit requirements or other 

environmental or public health requirements, that may substantially affect implementation of 

the remedy 

The om1er or operator must submit the assessment to the EQB. Prior to filing its comments on the 

assessment, the EQB will hold a public meeting for interested and affected parties. 

Based upon the results of the corrective measures assessment and comments from EQB, the 0m1er or 

operator must provide a proposal to EQB in which a corrective measure will be selected which protects public 

health and the environment, attain the groundwater protection standard, minimizes the potential for future 

releases, and properly manages all waste materials. 

The proposal must consider many factors when evaluating the long and short-term effectiveness and degree 

of potential success ofthe proposed remedy. The factors that should be considered are detailed in Rule 560. 
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The owner or operator may petition the EQB for an exemption from the corrective measures' action. The 

petition must demonstrate one of the following: 

.. 

• 

The groundwater i.s additionally contaminated by another source and cleanup will not 

significantly reduce the risk to potential receptors. 

The constituent in question is in groundwater that is not in or connected to a drinking water 

source or is not migrating to a drinking water source in concentrations that would exceed the 

groundwater protection standard. 

• :-.... Remediation of the release is teclmically impossible, or 

• Remediation results in unacceptable cross~media impacts. 

If the owner or operator is not required to completely remediate the aquifer, the EQB could require the owner 

or operator to reduce, control, or eliminate the source of the release, prevent exposure of contaminants to 

groundwater, or remediate tq teclmically feasible levels protective of human health and the environment. 

Based on the implementation and completion schedule in the remedy selection report, the owner or operator 

must establish and implement a corrective action groundwater monitoring program that, at a minimum, meets 

the requirements of the ass~sment monitoring program, indicates the effectiveness of the proposed remedy, 

and demonstrates compliance with the groundwater protection standard. 

The EQB may require the owner or operator to implement an interim measure that will protect human health 

and the environment. 

Upon the EQB's approval of the remedy, the owner or operator will be required to implement the remedy. If 

the owner or operator determines that the remedy is ineffective at remediating the release, the owner or 

operator may be required to implement an alternative remedy that would successfully remediate the release. 

If currently available methods are unable to practically remediate the release, the owner or operator must 

obtain a certificate from a qualified groundwater scientist stating that compliance cannot be achieved with 
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currently available methods. This certificate must be approved by the EQB. Alternative measures to protec 

public health and the envirorunent and control the source of the contamination will be required and must be 

documented in the report submitted to the EQB. Alternative measures must be approved by the EQB prior 1 

implementation. 

The remediation will be complete when the owner or operator complies with the groundwater protection 

standard at all points within the plume of contamination, demonstrates that concentrations of all constituents 

listed in Appendix II do not exceed the groundwater protection standard for a period of 3 years using the 

statistical procedures listed in the SAP and demonstrates that all requirCd actions have been completed. 

Upon the~mpletion of the remedy, the owner or operator must submit a certificate of completion to the 

EQB, place a copy of the certificate in the operating records, and return to detection monitoring. The 

certificate of completion must be signed by a representative of the owner or operator and a qualified 

groundwater scientist and approved by the EQB. With the approval of the certificate from the EQB, the 

owner and operator will be released from the financial assurance requirements for corrective actions. 
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2.0 FIELD ACTIVITIES 

2.1 OVERVIEW 

Groundwater sampling is conducted at landfills on a regular basis to help determine the compliance of the 
• 

landfill with current state, local, and federal regulptions. All groundwater sampling should be done in 

accordance with Resource Conservation Recovery Act (RCRA) Subtitle D and Puerto Rico regulations and 

guidelines. 

Groundwater sampling at landfills sites should consist of four basic field activities: collecting water level 

measurements, purging wells, obtaining field measurements of selected parameters, and collecting 

groundw~(i,r samples. Redevelopment of wells may also be included in the field activities. 

2.2 PREFIELD AND POSTFIELD ACTIVITIES 

2.2.1 Prefield Activities 

The project manager and the field sampling team will contact a selected laboratory, schedule the sampling 

event, and arrange for bottles to be obtained prior to beginning field activities. The sampling team will 

preschedule the needed sampling equipment. 

2.2.2 Postfield Activities 

At the conclusion of the field activities, the field sampling team will complete all associated paperwork and 

forms, including water level forms. 

2.3 GROUNDWATER SAMPLING AND ANALYSIS 

Background groundwater samples will be collected from selected monitoring wells in four independent 

sampling events over a period of 2 months. At that time, the need for additional background samples will be 

evaluated. If additional background sampling is indicated, four additional background samples will be 

obtained and analyzed. If no additional background sampling is indicated, regular semiannual sampling will 

begin. 
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Location 
R7GW01 
R7GW02 
R7GW04 
R7GW05 
R7GW07 
R7GW08 
R7GW09 
R7GW10 
R7GW11 

NOTES: 

k:\usprico\wci\gmp\text\table 1 . wk4 

Type 
Upgradient 

Downgradient 
Downgradient 
Downgradient 
Oowngradient 
Oowngradient 
Oowngradieht 
Downgradient 

Upgradient 

} 

TABLE 2.1 
Groundwater Monitoring System 

USNS Roosevelt Roads Sanitary Landfill 

Date 
Installed 
unknown 
unknown 
unknown 
unknown 
unknown 
unknown 

June 1998 
June 1998 
June 1998 

Diameter Top of Casing 
(inches) Elevation Itt.)* 

2 109.13 
2 105.05 
2 .· ·'. '1f2A6 
2 ....•.... ···114.53 

2 114.76 
2 111.39 
2·· . . H:i9;87 
2 . •; ...... ·:).1 14.06 
2 110.17 

Total Depth 
(ft. from TOP)* • 

32.5 
27.81 

:: :=~.:·. 27 4"1 ( .. , ..... 3,.,7 
28.47 
13.89 

•'20;26 .· 
20'.97. 
15.41 

Formation 
Screened 
unknown, 
unknown 
unknown 
Gray clay 

Sand 
Sand 

Gravel sand 
Sand silt 
Clay sand 

• = Elevations are based on control station EM Beach elevation of 1 06. 360 feet 
** = TOP (Top of Pipe) 

.. 
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Groundwater sampling procedures include obtaining groundwater levels, purging the well, collecting field 

measurements, and taking the needed groundwater and quality control samples. A list of supplies and 

equipment needed for the purging and sampling of groundwater is given in Appendix B along with examples 

of necessary forms. Table 2·1 gives the monitoring wells used in the groundwater monitoring system . 
• 

Groundwater samples will be collected from the as;tive wells whose locations are shomt on Figure 2·1. 

2.3.1 Fluid Level and Total Depth Measurements 

Fluid levels and total depths will be measured at all monitoring wells and piezometers prior to purging and 

sampling of monitoring wells. An electronic interface probe will be used to collect fluid level measurements. 

In monitoring wells or piezometers With watertight caps, measurements taken immediately after the caps ate 

removed Wltl be repeated at regular intervals until the readings stabilize. 

All fluid levels will be measured to the surveyed reference mark on the top of the well casing. Elevations are 

based on control station EM Beach elevation of 106.360 feet. The reference mark will have been surveyed to 

within 0.01 foot relative control station EM Beach. The ground swface will have been surveyed to within 0.1 

foot relative control station EM Beach. 

The following procedure will be used to measure fluid levels and total depths: 

1. Decontaminate the cable and probe by spraying with distilled water and wiping with paper 

towels as the cable is rewound onto the reel. 

2. Turn on tqe well probe and push the instrwnent test button to check the probe's batteries. 

3. Lower the probe into the well by pulling the cable from the hand·held reel until the indicator 

light or audible signal responds. 

4. 
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Move the cable up and domt while observing the indicator. Note the exact length of cable 

extended from the tip of the probe sensor to the top of the well casing at the reference point 

when the probe sensor indicates the fluid/air interface. Record the cable length to the nearest 

0.0 l foot, well number, time, and date of the measurement in the field logbook. 
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currently available methods. This certificate must be approved by the EQB. Alternative measures to protect 

public health and the environment and control the source of the contamination will be required and must be 

documented in the report submitted to the EQB. Alternative measures must be approved by the EQB prior to 

implementation. 

The remediation will be complete when the owner or operator complies with the groundwater protection 

standard at all points within the plume of contamination, demonstrates that concentrations of all constituents 

listed in Appendix II do not exceed the groundwater protection standard for a period of 3 years using the 

statistical procedures listed in the SAP and demonstrates that all requirC:d actions have been completed. 

Upon the~mpletion of the remedy, the owner or operator must submit a certificate of completion to the 

EQB, place a copy of the certificate in the operating records, and return to detection monitoring. The 

certificate of completion must be signed by a representative of the owner or operator and a qualified 

groundwater scientist and approved by the EQB. With the approval of the certificate from the EQB, the 

owner and operator will be released from the financial assurance requirements for corrective actions . 
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MONITORING WEllS 

WELl. NUMBER NORTH EAST TOP Qf.PlPE 
ELEVATlON (FT) 

TOTAL DEPTH (FT)-

R7GW01 142,163.70 785,686.16 109.13 32.5 

R7GW02 141,563.38 785,081.38 105.05 27.81 

R7GW09 140,831.94 784,895.00 109.87 20.26 

R7GW04 139,763.02 784,926.94 112.46 27.41 

R7GW05 140,036.26 785,756.69 114.53 31.7 

R7GWrO 140,540.45 786,342.68 ~ 114.06 20.97 

R7GW07 141,146.99 787,130.54 114.76 28.47 

R7GW08 142,392.23 786,919.38 111.~9 13.89 

R7GW11 143,505.41 785,913.68 ' 110.17 15.41 

NOTE: 
ELEVATIONS ARE BASED ON CONTROL STAT!ON EM BEACH 
ELEVATION OF 1 06. 360 FEET. 

Figure 2-1 

MONITORING 'n£\.L NETWORK 
fii1ii!E~[ij ROOSEV£LT RDS. NAVAL STN. 

PUERTO RICO 
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Table 2.2 
Sample Preservation and Bottle Requirements 

USNS Roosevelt Roads Sanitary Landfill 
Ceiba, Puerto Rico 

-- .. . ·- -. 

Sample Analytes 
Minimum· Number and SiZ~ -- -

of Sample Container ~-- Preservative 

--· 

Volatile Organics 2-40 ml glass vials HCL, pH< 2, Cooi4°C 

lnorganics 

ml = Milliliter 
C =Celsius 

k:\gmp\table3.wk4 

-

with Teflon septa 

1-500 ml plastic 

----

' 

HN03, pH <2, Cool 

~···-·-· 
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5. Measure the total well depth by lowering the probe to the bottom of the well. Add the length 

of the distance between the end of the probe and the probe sensor to the total depth 

measurement. Record the total depth measured at the top of the well casing at the reference 

point"to the nearest 0. 0 I foot. 
• 

6. Decontaminate the probe and cable, as previously described in step I. 

Water levels should be compared with historic water levels whenever possible. If a large difference in water 

levels from the previous sampling event is noted, the water level should be remeasured. If the remeasurement 

gives the same result, the inconsistency should be noted in the field logbook. 

>-. 
The total depth measurement of the well should be compared with the constructed total depth. A lesser total 

depth measurement is an indication that sediment is accumulating in the well. Wells should be redeveloped 

whenever more than 10 percent of the open screen is occluded. 

2.3.2 Well Purging 

Wells should be purged in order from least contaminated to most contaminated, based on previous laboratory 

analyses and/or upgradient to gradient Wells should be purged in a manner that causes the least disturbance 

to the groundwater present in the monitoring well. For this reason, groundwater monitoring wells are often 

provided with dedicated sampling systems for purging and sampling. 

2.3.2.1 Purging with a Dedicated System 

Purging should be accompli_shed by removing water from the well at a flow rate of approximately 0.2 to 0.3 

liters per minute (Limin) or less. Wells should be purged at or below their recovery rate so that the water 

column is not drawn down during purging. Purging should continue until the field measurements of pH, 

specific conductance, and temperature have stabilized to within approximately 10 percent over two readings 

or no improvement is achieved. Record all data on the Groundwater Sampling Data Sheet. (See Appendix 

B.) 
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. 
Pumps in dedicated systems should be set so their intake is placed just above or within the screened interval. 

This eliminates the need to purge the column of static water located above the well screen. If the well screen 

intersects the water table, the pump intake should be placed immediately below the air/water interface. 
<. 

2.3.2.2 Purging with a Bailer 

Groundwater monitoring wells may also be purged using a bailer. Water will be removed with a bailer from 

the well until a minimum of three well volumes have been removed and the field parameters (pH, specific 

conductance, and temperature) have stabilized to within approximately 10 percent on two consecutive 

measurements taken not less than one well volume apart. If field measurements have not stabilized after the 

removal of three well volumes, additiot;tal well volumes will be removed until stabilization is obtained on 

three consecutive readings or no improvement is achieved. Record all generated data on Groundwater 
~-.... 

Sampling Data Sheets. 

The well volume will be calculated based on the following equation: 

v = (WL - TD) X 0.0408 X d2 

where V = well volume (gal) 

WI.. = measured water level of the well (ft) 

TD = measured total depth of the well (ft) 

and d = diameter of the well casing (in) 

A disposable, polyethylene bailer of known volume will be used to purge the required number of well 

volumes. For wells in low permeability formations that can be bailed dry, bailing is not required after the 

well is dry. 

2.3.3 Field Measurements 

Field measurements of temperature, pH, and specific conductivity will be collected during well purging and 

before the collection of samples for chemical analysis. The pH probe will be calibrated at the beginning of 

each day using two standard buffer solutions (pH 4 and 7). If pH readings remain at or below, recheck 

calibration at least twice each day. If pH readings are above 7, recalibrate the pH probe using standard buffer 

solutions of pH 7 and 10. Recalibrate the probe, as necessary, using pH 4 and 7 solutions when readings are 

at or below 7 and pH 7 and l 0 solutions when readings are above 7. The conductivity meter will be checked 
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using a fluid of known specific conductivity at the beginning and rechecked at the end of each day to 

determine whether any drift occurred. All calibrations and calibration checks will be recorded in the field 

logbook. Extreme cold or hot weather is known to affect pH and conductivity meters. In these cases, the 

meters should be calibrated and checked for calibration more frequently . 
• 

The field sampling team will use the following procedure for field measurements: 

1. Withdraw water from the well and pour into sample cup. 

2. Read the temperatute of the collected water inuned.iately after the water is collected. Record 

'>., the temperature in the field logbook or data sheet to the nearest 0.5 degree Fahrenheit CF). 

3. 

4. 

If using a multiple-task meter, adjust the meter for the water temperature. Measure the pH 

using the pH probe, and record the measurement to two decimal places in the field logbook 

or on the data sheet. Decontaminate the pH probe by rinsing with deionized water. 

Measure the specific conductivity of the sample and record the measurement in the field 

logbook or data sheet to three significant figures. Decontaminate the probes and the sample 

cup by rinsing with deionized water. 

5. Continue purging the well until the parameters agree to within approximately 10 percent and 

at least three saturated well volumes have been removed. 

Record all field parameters in the field logbook or on the data sheet as they are obtained. 

2.3.4 Groundwater Sampling Procedure 

After the well has been purged, sampling will be conducted at the earliest time a sufficient water volume has 

reentered the well. If an insufficient volume of water is available within 24 hours of purging, the well shall be 

considered ~dry" for the sampling event. VOC samples will be collected within 1 hour of purging, if possible. 

Field measurements (as described in Subsection 2.3.3) will be taken prior to sample collection. Samples will 

be collected using a pump (preferably dedicated) or by using disposable, polyethylene bailers and new rope. 
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... .. 
Samples will be collected and containerized in the order of the volatilization sensitivity of the parameters. 

The wells are to be sampled for Appendi~ I groundwater parameters, which are found in Appendix A. 

. 
The following procedure will be used to collect,groundwater samples with a bailer: 

1. 

2. 

3. 

4. 

5. 

Slowly lower the bailer until it contacts the water surface. 

Allow the bailer to sink and fill with a minimum of suiface disturbance. Obtain groundwater 

samples at or immediately below the surface of the water table (less than the length of the 

bailer). 

Slowly raise the bailer to the surface. Note any presence of a sheen or floating layer, odor, 

color, or turbidity and record on Groundwater Sampling Data Sheet. 

Tip the bailer to allow a slow discharge from the top to flow gently down the side of the 

sample bottle with a minimum of entry turbulence, or use the sampling device provided with 

the bailer to obtain the sample from the bottom of the bailer. Completely fill sample bottles 

containing groundwater samples to be analyzed for volatile organic compounds (VOC's) (air 

bubbles should not remain in the bottle). Sample bottles with preservative should not be 

overfilled and, if so, should be discarded. 

Repeat Steps 1 through 4, as needed, to acquire sufficient volume to fill all containers for the 
. 

required analyses. 

Procedures for sampling with a pump will vary with the type and manufacture of the pump. A generalized 

procedure for nondedicated equipment is to slowly lower the pump into the well to minimize degassing. If the 

pump was also used to purge the well, the pump should be continuously run at a low rate of approximately 

0.1 Umin until the pump lines have been cleared. The groundwater sample can then be collected. Upon 

completion of the sampling, all nondedicated equipment should be properly decontaminated. 
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Groundwater samples will be placed in sample containers with appropriate preservatives. All groundwater 

samples will be iced immediately after collection. The intent of lowering the fluid temperature to 4 oc is to 

minimize the amount of physicochemical ch~ge that will take place between the time the sample is collected 

and when it is analyzed at the laboratory. 

2.3.5 Analysis of Groundwater Samples 

The analytical methods used for each of the Appendix I parameters in groundwater are located in Appendix 

A. Table 2.2 summarizes the sample bottles required for each analyte and the method of sample 

preservation. 

2.3.6 Decontamination of Sampling-Contacting Equipment 

All nondisposable and nondedicated tools that contact the sample will be decontaminated prior to the 

collection of each sample according to ASTM 05088. This equipment includes bailers and ladles. 

Decontamination rinses will be kept in labeled, plastic, spray bottles. 

Sampling equipment will be decontaminated according to the following procedure: 

1. Fill a nonmetallic wash tub to a depth of about 6 inches with potable water. Mix a detergent 

solution in the tub. The solution shall consist of 1 tablespoon of non-phosphate detergent 

per gallon of water. 

2. Scrub all sampling equipment with a stiff-bristled brush. 

3. Transfer the equipment to another wash tub partially filled with potable water. 

4. Rinse the sampling equipment with potable water. 

5. Rinse the equipment with deionized water. 

6. Place the equipment on clean plastic, and allow it to air dry. 

7. Store the equipment covered with plastic or aluminum foil upon the completion of sampling. 
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.. 2.3. 7 Redevelopment of Monitoring Wells 

~- Redevelopment will be performed on all monitoring wells in which more than 10 percent of the open screen is 

occluded. Redevelopment will be used to remove fine·grained material from the well and the filter pack near 

... " 

. --
the screen. Redevelopment of the fl\Onitoring wells will be accomplished using a combination of surge blocks 

and pumping or with a hand bailer. 

Well redevelopment will proceed in the following manner: 

1. Decontaminate all downhole equipment prior to beginrung redevelopment. 

2:·-.... Obtain an initial fluid level measurement using an electronic water level as outlined in 

Subsection 2.3.1. 

3. Analyze an initial sample of water for pH, specific conductivity, and temperature 

measurements as described in Subsection 2.3.3. Note the color, odor, and turbidity of the 

sample in the field logbook. 

4. If the well screen is set within a sand or bedrock interval, slowly lower a surge block 

to the top of the well intake (allowing trapped air to escape). Operate the surge 

block with a pumping action having a typical stroke of approximately 3 feet 
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Initiate surging at the top of the well intake and gradually work downward through 

the screened interval. Remove the surge block at regular intervals so that fine 

materials loosened by the surging action can be removed by pumping or bailing. 

Collect field measurements of pH, specific conductivity, and temperature following 

the removal of each saturated well casing volume of water. Repeat the cycle of 

surging and removal until the amount of fine. grained materials produced is 

negligible and the sediment has been removed from the well. 

If the screen is set within a silt or clay interval, remove water from the well using a bailer. 

The bailer should be lowered to the bottom of the well and brought up in a manner to cause 

gentle surging in and out of the well. The bailer should be brought to the surface and the 
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water and sediment emptied. Collect field measurements of pH, specific conductivity, and 

temperature following the removal of each saturated well casing volume of water. Continue 

bailing Wltil the sediment h.as been removed from the well and the field parameters, pH, 

specific conductivity, and temperature, have stabilized . . 
5. For wells that have previously shown elevated levels of regulated groWldwater 

constituents during assessment or corrective action monitoring, collect fluids 

generated during redevelopment in suitable containers for later disposal. 

6. Log the starting, ftnishing, and sampling times; field measurements of pH, specific 

conductivity, and temperature; volume extracted; extraction method; and initial and fmal 

fluid levels in the field logbook. 

2.4 GROUNDWATER QUALITY CONTROL SAMPLES 

One duplicate sample and one matrix spike (MS) and duplicate (MSD) will be collected for every 20 samples. 

At a minimum, one duplicate sample and one matrix spike and matrix spike duplicate will be collected 

during each sampling event. Trip blanks will accompany each cooler containing samples for VOC analysis. 

2.4. 1 Duplicate Samples 

Each duplicate sample will be obtained at the same time and analyzed for the same set of parameters as the 

investigative sample it is intended to duplicate. The contents of two consecutive bailer volumes will be 

individually analyzed as original and duplicate samples. The first bailer volume will serve as the original 

sample and the second as ~e duplicate. If more than one bailer is required to fill the sample jars, the original 

sample jars will be filled first, and the separate bailers of water will then be collected to complete the 

duplicate samples. Original and the duplicate samples will be placed in identical containers and preserved in 

the same manner. Duplicate samples will be identified with Wlique sample identification numbers. Sample 

points where duplicates are collected will be documented in the field logbook. 
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• 2.4.2 Matrix Spikes and Matrix Spike Duplicates 

Groundwater samples will be collected in triplicate at certain locations for the completion of matrix spikes 

and matrix spike duplicates. The three samples will be identified as the sample, the matrix spike, and the 

matrix spike duplicate. 

2.4.3 Trip Blanks 

Trip blanks for VOCs in groundwater will be prepared by the laboratory and accompany sample containers 

transported to the site. The trip blanks will remain on the site during sampling. One trip blank set will be 

included in each cooler containing samples for VOC analysis to determine whether VOCs are introduced into 

groundwater samples as a result of on-site conditions, laboratory operations, or conditions during sample 

shipment' 

2.5 SAMPLE CUSTODY AND DOCUMENTATION PROCEDURES 

Each sample or field measurement must be properly documented to facilitate timely, correct, and complete 

analyses and support actions concerning the site. The documentation system provides a means to identify, 

track, and monitor each individual sample from the point of collection through fmal reporting of the data. 

Specific documentation requirements are described in the following sections. Sample documents forms are 

included in Appendix B. 

2.5.1 Documentation Procedures 

A suitable work area will be established with sufficient space available for processing forms and packaging 

samples. After all sample documentation has been completed and before the samples are prepared for 

shipping, a field team member will cross-check the data on all forms and labels and compare the data to the 

logbook or data sheet entries. 

The following procedure is given as a general reference for completing the sample documentation: 

1. Determine the samples to be packaged and shipped that day and the laboratory to be used. 

2. Complete a shipping bill (if applicable) and enter the shipping record number in the field 

logbook. 
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3. Complete a chain·of·custody record. 

4. Prepare samples for ship~Jl!!nt. 

2.5.2 Field Logbook Record 

All information pertinent to the groundwater sampling event will be recorded in a bound logbook with 

consecutively numbered pages. All entries in logbooks will be made in waterproof ink, and corrections will 

consist of line.aut deletions that are initialed and dated. The person responsible for the entries will sign and 

date each page (or entry) after entering it in the logbook. 

No gener~ rules can specify the exact information that must be entered in a logbook for a particular site. 

However, the logbook should contain sufficient information so that sampling activities can be reconstructed, 

if necessary. Logbooks will be kept in a field team member's possession or a secure place during the 

investigation. Following the sampling event, logbooks will become part of the fmal file. A list of typical 

field logbook entries is as follows: 

• Date 

• Weather conditions 

• Names of samplers 

• Calibration record of field test equipment 

• Monitoring well number 

• Water level and total depth measurements with measurement technique 

• Well purge equipment and technique 

• Purge voh.ime and time 

• Initial and subsequent field measurements for each well volume of groundwater removed 

• Identification number of sample 

• Time of collection 

• Sample withdrawal procedure/equipment 

• Types and number of sample containers 

• Parameters requested for analyses 

• Preservatives used 
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• Sample description (color, odor, etc.) 

• Field observations on sampling event 

• Sample shipment information, name of carrier, air bill number, and shipment date and time 

. 
As an alternative, Groundwater Sampling Data S~eets may be used to record the details associated with 

purging and sampling. An example of this form appears in Appendix B. 

2.5.3 Chain·of-Custody Record 

The chain-of-custody record will be employed as physical evidence of sample custody. The sample team will 

·complete a chain-of-custody record to accompany each sample shipment from the field to the laboratory. 

The custody record will be completed using waterproof ink. Corrections will be made by drawing a line 

through, initialing, and dating the error and entering the correct information. Erasures will not be permissible. 

The following typical information is to be included in the chain-of-custody record: 

• Sample numbers 

• Signatures of samplers 

• Date and time of collection 

• Sample type (water) 

• Identification of monitoring wells 

• Number of containers 

• Parameters requested for analysis 

• Signatures of persons involved in the chain of possession 

• Inclusive dates and times of possession 

• Notations regarding compromise of sample integrity, such as broken seals, bottles, etc. 

• Notation regarding the presence or absence of ice when the cooler is opened at the 

laboratory. 

After completing a chain-of-custody record using the above procedure, the original signature (top) copy of the 

record will be enclosed in a plastic bag (with any other sample documentation) and secured to the inside lid of 

the cooler. An example of a typical chain-of-custody is provided in Appendix B. 
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2.5.4 Sample Labels 

Each sample removed from the site and transferred to a laboratory for analysis will be identified with a 

sample label containing specific information regarding the sample. Each completed sample identification 

label will be securely fastened to the sample container. All sample seals will be completed in waterproof ink . 
• 

An example sample label is provided in Appendi-x B. 

2.5.5 Custody Seals 

A custody seal will be used to preserve the integrity of the sample from the time it is collected until opened in 

the laboratory. Seals must be attached so that it is necessary to break the seals to open the sealed container. 

All samples for the site will be shipped in coolers. Each cooler will usually be sealed on two opposite sides 

with custOdy seals. As long as custody records are sealed inside the sample cooler and custody seals remain 

intact, commercial carriers are not required to sign the custody form. 

2.6 SAMPLE CONTAINER HANDLING, PACKAGING, AND SHIPPING 

Sample packaging and shipping procedures are based on the United States Environmental Protection Agency 

(USEPA) specifications, as well as U.S. Department of Transportation (DOT) regulations (49 Code of 

Federal Regulations (CFR) Parts 172 and 173). Samples will be packed and shipped according to the 

requirements for low hazard level samples. All samples will be packaged and transported within 1 day of 

collection. 

During field activities, loose samples should be handled in the same manner as packed samples. The 

samples, after being obtained and labeled, should be wrapped with protective packing material or stored in 

foam holders. At all times,.ice in double sealable plastic bags should be kept in the cooler to reduce the 

temperature of the samples as quickly as possible. Ice should be replenished as needed. The procedures 

outlined below are applicable to the case where the samples are relinquished to an overnight delivery service. 

If the samples are delivered directly to the analytical laboratory, the packaging requirements can be reduced 

appropriately. 

The steps outlined below will be followed to pack low hazard samples:. 
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l. Arrange sample containers in groups by sample number. However, group VOC samples so . -

they can be placed into common shipping containers. 

2. Arrange containers in front of the assigned coolers. 

3. Pack the containers in the foam holders provided with the jars or wrap each glass sample 

container with protective packing material. Tape the packing material to the containers and 

secure in place. 

4. Place approximately 2 inches of packing material in the bottom of the cooler for cushioning. 

5. Line the cooler with a large trash bag. 

6. Place sample containers inside the trash bag in the cooler. 

7. Seal the trash bag with tape. 

8. Add ice packaged in double sealable plastic bags and fill the remaining volume of the cooler 

with packing material. Do not allow sample containers to contact the ice directly .. 

9. Record the time the cooler is relinquished to the analytical laboratory or an overnight 

delivery service in the field logbook. 

10. Separate copies of forms. Seal paper copies in a large, sealable, plastic bag, and tape to the 

inside lid of the cooler. 

ll. Tape the cooler drain shut. 

12. Close the lid and latch the cooler. Tape the cooler shut on both ends, making several 

revolutions with the strapping tape. Do not cover labels. 
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13. Place the shipping bill with the contracted laboratory's address on top of the cooler. 

14. Put "This Side Up" labels on both ends of cooler lid and up arrow symbols on all four sides 

of the cooler. 

15. Affix custody seals over lid openings (front right and back left corners of cooler). Cover 

seals with clear, plastic tape. 

16. Maintain a file of all sample docwnentation . 
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3.0 QUALITY ASSURANCE/QUALITY CONTROL 

Data collected during quarterly groWldwatet= monitoring activities will be used to determine whether 

assessment monitoring. is warrante~. To satisfy this use, analytical data should meet the Level III 

requirements defmed in the USEPA publication, Data Quality Objectives for Remedial Resoonse Activities -

Development Process (DQORRA; 1987). Level III is defined in this document as " ... analyses performed 

in an off-site analytical laboratory ... using USEPA procedures other than Contract Laboratory Program 

(CLP)" and is typically accepted as those methods foWld in SW -846. 

To provide the proper level of confidence, it is critical that only valid data is used. To this end, field and 

laboratory-.quality assurance/quality control (QA/QC) procedures have been established. This chapter 

presents the data quality objectives (DQOs), field and laboratory QA/QC requirements, and data validation 

components. 

3.1 DATA QUALITY OBJECTIVES 

Precision, accuracy, representativeness, completeness, and comparability (PARCC) are all aspects of data 

t _ quality. 

3.1.1 Precision 

Precision is a measure of the reproducibility of the measurements made Wlder a set of conditions. 

Specifically, it is a quantitative measure of the variability of a group of measurements compared to their 

average value. 

Precision is assessed by evaluating duplicate sample results and can be expressed as the relative percent 

difference (RPD) as follows: 
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RPD ""lillt- D2ll X 100 
(Dt + D2)/2 

Where: Dt = Original Sample Value 
0 2 =Duplicate Sample Value 
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If variability of a group of measurements is not present compared to their average value, the RPD equals 

zero. 

Precision quality control (QC) procedures for field measurements consist of taking multiple readings. 

Both overall and analytical precision are examined for analyses requiring the use of an off-site commercial 

laboratory. Field duplicates will be collected to evaluate the overall precision of field sampling and 

laboratory analytical methods. 

Analytical precision is assessed from.MS/MSD results. The sample collector will collect extra sample 

material fr.~m certain sample locations at the minimwn duplicate sample frequency specified by Chapter 1 of 

SW-846 (i.e., once every 20 samples). Sample material from these locations will be designated on the chain­

of-custody form as requiring laboratory MS/MSD analyses. 

The precision goals for duplicate analyses are modeled on the criteria for inorganic laboratory duplicates 

presented in the USEPA's Laboratory Data Validation Functional Guidelines for Evaluating Inorganics 

Analyses (LDVI; 1988). 

3.1.2 Aecuracy 

Accuracy measures the bias of a measurement system. Possible sources of errors include the sampling 

process, field contamination, preservation, handling, sample matrix, sample preparation, and analytical 

techniques. 

. 
QC procedures for field measurements consist of initial and periodic instrwnent calibrations for accuracy. 

Several different types of QC samples are collected to accompany samples requiring analyses at an off-site 

commercial laboratory. Sources of potential contamination (both field and laboratory based) are examined by 

the use of blank samples (e.g., equipment rinsate, laboratory method, and trip blanks). Such blanks are 

collected/created at the minimwn frequency specified in Chapter 1 of SW -846 (i.e., once very 20 samples). 

The amount of contamination detected in any blank should not exceed the more stringent of the following 

criteria: 
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• Method blank criteria in Chapter 1 ofSW-846 

• Ten times the concentration in the associated field samples 

Interferences from the sample matrix or errors introduced by the analytical process may be assessed by 

examining spike sample results MS, surrogate, and laboratory control samples (LCS)). For spike samples, 

accuracy is expressed in terms of percent recovery (REC), which measures the degree of agreement between a 

measurement and its true value. The REC is calculated as follows: 

REC = ISSR-SRI x 100 
SA 

Where: SSR = Spike Sample Results 
SR = Sample Results (asswned to be zero for surrogates) 
SA = Spike Added (zero for commercially purchased LCS) 

Perfect accuracy is defmed as 100 REC. 

Spike sample results will be compared to QC criteria established in the applicable analytical methods or to 

laboratory-developed QC criteria, as appropriate. It is possible for spike RECs to be significantly below their 

minimwn QC limits. Such hyposensitivity, as defined by the LDVI and by the USEPA's National Functional 

Guidelines for Organic Data Review (NFGO; 1991), include the following examples: 

• Inorganic MSREC values below 30 percent 

• Surrogate REC values below 10 percent 

• Inorganic LCSREC values below 50 percent 

In such cases, some or all of the associated field samples results may not meet the accuracy DQO because the 

possibility of false negatives exists. 
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3.1.3 Representativeness 

Representativeness qualitatively expresses the degree to which sample analytical results precisely and 

accurately represents site conditions. The representativeness DQO was considered during the planning 

stages and is reflected in several aspects of the sampling approach: number of samples, sample locations, 

sampling techniques, and analytical parameters. ~ 

Analytical results will fail to meet the representativeness DQ0 if gross precision or accuracy QC problems 

exist. 

3.1.4 Completeness 

Completen'ess defines the percentage of completed measurements judged to be valid. Sufficient amounts 

of valid data must be generated to make technical decisions. Field completeness is assessed by comparing 

the number of samples collected to the number of samples planned for collection. Laboratory 

completeness is assessed by comparing the number of samples with valid data to the number submitted for 

chemical analysis. Laboratory completeness is reduced by the following mechanisms: 

• Data were qualified as unusable (R) during data validation based on gross precision or 

accuracy QC problems 

• Holding times were exceeded 

Minimum completeness objectives are 80 percent for field and laboratory measurements. 

3.1.5 Comparability 

Comparability qualitatively expresses how data developed during the groundwater sampling activities 

compares with applicable criteria. Data collected semiannually during this sampling event can be 

considered comparable to other sampling event data collected following the sampling procedures outlined 

in this work plan and analyzed using the same methods from SW-846. 

PRSAP03 .doc 
8/31/99 

3-4 



3.2 LABORATORY QAIQC 

The Quality Assurance (QA) Plan from the laboratory initially contracted to perform analytical services 

(Caribtec Laboratories, Inc.) is attached as ,t\.ppendix C. If in the future an alternate laboratory is selected, 

the selected laboratory's QA Plan will be submitted. The alternate laboratory's QA Plan will contain 
• 

requirements at least as stringent as these identifi~ in this plan, including Appendix C. 

3.3 FIELD QA/QC 

Field QNQC procedures were previously discussed in the sampling procedures and DQO sections. In 

swrunary, field QNQC procedures include the following activities: 

•-:-.... Calibrating field instruments 

• Taking multiple readings of field measurements 

• Collecting material for QC samples (e.g., MS!MSD, field duplicate, equipment rinsate 

blank) at a minimum frequency of one per 20 sample 

• Preparing and handling QC sample material in the same manner as field samples 

• Including a trip blank with every cooler shipped with VOCs to the laboratory or at a 

minimum frequency of one per 20 samples, whichever is more frequent 

3.4 DATA VALIDATION 

Data validation procedures determine whether individual project data are usable, usable with qualifications, 

or unusable. National guidance documents do not exist concerning the validation of groundwater data 

generated under (RCRA). Therefore, this sampling plan will adapt the principles presented in two USEP A 

Contact Laboratory Progr3J!l (CLP) documents, the LDVI and NFGO, to acquire the semiannual groundwater 

data. 

3.4.1 Organic Constituents 

Guidelines for performing validation of organic analytical data are provided in the USEP A's NFGO. 

Personnel conducting the validation will use this guideline when validating organic analytical data for the 

following parameters: 

• Holding times 
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• Laboratory method blanks 

• Equipment rinsate blanks 

• Trip blanks "" 

• Surrogates 

• MS/MSDs 

• Laboratory control samples 

• Field duplicates 

• Quantitation limits 

3.4.2 Inorganic Constituents 

Guidelin~or performing validation of inorganic analytical data are provided in the US EPA's LDVI. 

Personnel conducting the validation will use those guidelines when validating inorganic analytical data for the 

following parameters: 

• Holding times 

• Laboratory method blanks · 

• Equipment rinsate blanks 

• MSIMSDs 

• Laboratory control samples 

• Field duplicates 

• Detection limits 

3.4.3 Data Qualification 

Blank results will be examined qualitatively and quantitatively. False positives may be qualified as 

undetected (U*) based on laboratory method blank results, per guidance in the LDVI or NFGO. Under no 

other circumstances will groundwater data be corrected. If a blank's concentration of an analyte exceeds 10 

times the concentration in its associated field sample, the field sample will be noted as requiring 

resampling/reanalysis . . 
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Extremely poor recoveries for a surrogate, MS sample, or LCS may result in data being qualified as estimated 

(J*) or unusable (R). 
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4.0 STATISTICAL ANALYSIS OF DATA 

The groundwater monitoring data that will be collected in accordance with this monitoring plan under RCRA 

Subtitle D must be statistically evaluated. This section, Wllike prior sections in this report, does not 
• 

constitute a complete set of instructions, but instead is a guide to design a statistical analysis procedure. The 

final statistical detection monitoring plan cannot be fully specified until the background samples for the 

required list of constituents are available. The following sections provide an outline of the general statistical 

procedure for groundwater monitoring under the Puerto Rico NHSWR. A flowchart (see Figure 4~1) is 

provided at the end of this section to swrunarize the statistical procedure to be used for the site. As 

mentioned previously, after four sampling events are completed, an evaluation of the need for four additional 

backgro~samples will be performed. 

The steps that will be followed to conduct a statistical analysis of groundwater quality data are described in 

Section 4.1. The statistical methods that will be used are summarized in Section 4.2 and discussed in detail 

in the EPA "Interim Final Guidance" (IFG) (USEPA, 1989) and "Addendum to the Interim Final Guidance" 

(AIFG) (USEPA, 1992). These documents should not be followed uncritically. Statistical knowledge and 

insight will be required to design an appropriate statistical analysis procedure (Gibbons, 1993). 

4.1 DATA DISTRIBUTION 

The Puerto Rico NHSWR allow for various methods for comparing concentrations of constituents measured 

in monitoring wells to background concentrations, including analysis of variance, tolerance limits, prediction 

limits, and control charts. In the context of groundwater monitoring at waste disposal facilities, legislation 

has required statistical methods as the basis for investigating potential environmental impacts due to waste 

disposal facility operations. Owners/operators must perform a statistical analysis on a semiannual basis. A 

statistical test is performed on many constituents (i.e., 6 to 212) for many wells (4 to more than 10). The 

result is potentially hundreds (in some cases a thousand or more) of statistical comparisons performed for 

each monitoring event. Even if the false positive rate for a single test is small (e.g., l percent), the possibility 

of failing at least one test on any one monitoring event is virtually guaranteed. 
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Figure 4-1 
Development of a Statistical Detection Monitoring Plan 

(Continued) 
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Figure 4-1 
Development of a Statistical Detection Monitoring Plan 

(Continued) 

Screen data for 
OuUiers and historical 

Trends 
(using Dixon & Sen's 

Slope test) 

Yes 

Compute combined 
Shewart·CUSUM 
Control Chart or 

appropriate Prediction 
Limit removing Outliers 
and adjusted for Trend 

and NOs 

K:IUSPRICO\WC~GMPISPS 

Yes 

No 

c 

lntrawell comparison 
for weiVwells that failed 

or for all wells 

Create Statistical 
Database 

(Background data) 

Control Limit equals 
maximum quantified 
value or less than 
POL or Poisson 
Prediction Limit 

No 

Yes 

Yes 

Control Limit equal 
POL or Poisson 
Prediction Limit 

Select and propose to 
the Regulatory Agency 

a "short list" of 
constituents for 

statistical comparisons 

No 

Finalize Stat. Plan for 
lntrawell comparisons 

with "short list" 
if approved 

Collect more data or 
use Poisson Prediction 

Limit 



Figure 4-1 
Development of a Statistical Detection Monitoring Plan 

(Continued) 

Select and propose to 
Regulatory Agency a "short 

list• of constituents for 
statistical comparisons 

based on Leachate, 
Background, and Ambient 

Groundwater data. Consult 
with Groundwater Scientist. 

F1 

Yes 

Finalize Stat. Plan for 
lnterwell comparisons 

(with "short list• if 
approved) 

E 

•RICO.WCI\GMPISP4 

Compare Upgradient 
versus Downgradient 

wells using the 
Background data 

No 

Assessment 
Compare wells to 
MCLs/ACLs using 

Confidence Limtis and/ 
or evaluate Trends 
using Sen's Slope 

Yes 

Yes 

Call in Groundwater 
Scientist. Conduct 

"Mini assessment• on 
wells that fail. 

Review Leachate data 
or collect more 

constituents 

Return to Detection 
Monitoring 

(E) 

Continue Site 
Assessment or 

Corrective Action 



• 

Compute 
Nonparametric 
Prediction Limit 

Figure 4-1 
Development of a Statistical Detection Monitoring Plan 

" (Continued) 

Lab Specific 
Prediction Limit = POL 

lor Detection 
Frequency ,. 0% 

Yes 
Compute Tests of 

Normality and 
Log Normality 

Compute 
Nonparametric 
Prediction Umt 

Compute False 
positive and Negative 

Rates for entire 
Monitoring Program 
based on observed 

conditions 

Compute appropriate 
Normal Prediction Limit 

adjusted for NOs 

Compute Log Normal 
Prediction Limit 

adjusted for NOs 

Increase number of 
Background samples or 

change vertification 
Yes resampling plan (e.g .. 1 of 3 

versus 1 of 2) or use 
Poisson/Normal instead 

of Nonparametric or 
decrease constituents 

K:IUSPRICO\WC~GMPISP3 



' 

Figure 4-1 
Development of a Statisth::al Detection Monitoring Plan 
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In the following sections, a statistical plan is developed that includes an effective verification resampling plan 

and selection of appropriate statistical methods (e.g., AN OVA, parametric and nonparametric prediction 

limits or control charts for intrawell compru;isons) that detect contamination and do not falsely conclude that 

the groundwater is contaminated. Statistical significance of contamination detection cannot be properly 

determined without verification resampling. 

In general, it is unwise to perform statistical computations on less than eight background samples. However, 

the analysis of variance (ANOVA) method may be used with as few as four background samples per well. 

Prediction limits generally require a minimum of eight samples. This may be four quarterly samples in each 

of two up gradient wells or eight samples taken from each well where intrawell comparisons will be 

perform~ To use fewer samples will lead to high false negative rates due to the large size of the prediction 

limit (i.e., with four samples and three degrees of freedom, the uncertainty in the true mean and standard 

deviation (u and a) given the sample based estimates (x and s) is quite large, resulting in extremely high 

prediction limits). Conversely, with only a few background measurements, knowledge of the true sampling 

variability, distributional form, and detection frequency may be completely inaccurate and lead to a high false 

positive rate. 

Another major concern is whether the up gradient wells accurately characterize the natural spatial variability 

observed in the downgradient wells. The alternative is to perform intrawell comparisons, which are generally 

preferable. However, it must first be demonstrated that the well has not been impacted by the sanitary 

landfill. To demonstrate this, test the appropriateness of up gradient versus down gradient comparisons for 

each well and constituent. Where intrawell comparisons are more applicable, demonstrate the absence of any 

significant trend in that well and constituent and demonstrate the absence of any-constituents of concern (e.g., 

volatile organic priority pollutant list compounds or other constituents that characterize the leachate from the 

facility). 

When justified, intrawell comparisons are more powerful than their interwell counterparts because they 

completely eliminate the spatial component of variability. Due to the absence of spatial variability, the 

uncertainty in measured concentrations is decreased, making intrawell comparisons more sensitive to real 

releases (i.e., false negatives). False positive results due to spatial variability are eliminated. 
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4.1.1 Detection Monitoring 

The following sections describe the procedures used to statistically evaluate the analytical data for each 

parameter. Either an interwell (upgradient~ells versus downgradient wells) or intrawell comparison can be 

used to evaluate the data. 

4.1.1.1 lnterwell Comparisons 

Upgradient versus down gradient comparisons can be made using either AN OVA or prediction limit methods. 

If there are greater than eight parameter values for each well, the prediction limit method is preferred over the 

ANOVA method. 

4.1.1.1 A, Analysis of Variance Method 

The following procedures are used to perform an ANOV A analysis on the analytical data: . 

• Detennine the proportion ofnondetects. If there is greater than 15 percent nondetects, 

perform a Kruskal·Wallis test (a nonparametric, one-way ANOVA) on the original 

analytical data as described later in this section. Otherwise, replace the nondetects with a 

value equal to half of the practical quantitation limit (PQL). 

• Determine if the data is normal or lognormal. After replacing the nondetect values, perform 

a one-way ANOVA and save the residuals. Determine if the residuals are normally 

distributed using the Shapiro-Wilk test (for up to 50 samples) or Shapira.Francia test (for 

51 to 99 samples). If the residuals are not normally distributed, calculate the natural 

logarithm of the original analytical data, perform a one·way ANOVA, and save the 

residuals. If the residuals of the lognormal data are not normally distributed using the 

Shapiro·Wilk or Shapiro-Francia tests, then perform a Kruskai-Wallis test on the original 

analytical data. 

• Determine if there are equal variances among the wells. If the residuals of the one-way 

ANOVA are normally distributed (after performing a one-way ANOVA on the actual data or 

the natural logarithm of the data), determine ifthere is equal variance among the wells using 
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Levene's test. If there is equal variance among the wells, perform a parametric, one-way 

ANOV A on the original analytical data using a 5 percent false positive rate, otherwise 

perform a Kruskal-Wallis test on the original data using a 5 percent false positive rate. 

Determine if there is a statisticatsignificant increase (SSI). Compare the results of the 

parametric, one-way ANOVA or the Kruskal-Wallis tests to tabulated values to determine if 

an SSI occurred. If there is no evidence of an SSI, proceed with the detection monitoring 

program. If there is evidence of an SSI, determine which well(s) caused the SSI. 

Determine which well caused the SSI. If it is determined there is an SSI for a group ofwells, 

perform a post-hoc analysis using multiple comparisons with a 1 percent false positive rate 

for each well to determine which well(s) caused the SSI. 

4.1.1.1.2 Prediction Limit Method 

The following procedwes are used to perform a prediction limit analysis on the analytical data: 

• Determine the detection frequency to select the specific prediction limit test to perform. 
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If the detection frequency is greater than 50 percent, determine if the data is normal 

or lognormal. If the data is normal, compute normal prediction limit [ 40 CFR 

258.53(h)(4)], select the false positive rate based on number of wells, constituents 

and verification resamples [40 CFR 258.53 (h)(2)] and adjust the estimates of 

sample mean and variance for nondetects. If the data is lognormal, compute a 

lognormal prediction limit [40 CFR 258.53(h}(I)]. If the data is neither normal nor 

lognormal, compute nonparametric prediction limit [40 CFR 258.53(h)(l)] unless 

background is insufficient to achieve a 5 percent site-wide false positive rate. In this 

case, use a normal distribution [40 CFR 258.53(h)(l)]. 
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If the background detection frequency is greater than zero but less than 50 percent, 

compute a non parametric prediction limit and determine if the background sample 

size will provide adequate protection from false positives. If insufficient data exists 

to provide a site-wide false positive rate of 5 percent, collect more background data·· . 
[40 CFR 258.53(h)(l)L 

If the detection frequency equals zero, use the laboratory specific PQL. This only 

applies to wells and constituents that have at least 13 background samples. Thirteen 

samples provide a 99 percent confidence nonparametric prediction limit with one 

resample (see Table 4.1). Ifless than 13 samples are available, more background 

data must be collected. As an alternative to the above option, use a Poisson 

prediction limit, which can be computed from only eight background measurements 

regardless of the detection frequency (USEP A, 1992 Section 2.2.4). 

• If downgradient wells fail the prediction limit test, determine the cause and effect as listed 

below. 

If the downgradient wells fail because of natural or off-site causes, select 

constituents for intrawell comparisons [40 CFR 258.53(h)(3)]. 

If site impacts are found, a site plan for assessment monitoring and detection 

monitoring (at unaffected wells) may be necessary [40 CFR 259.55]. 

4.1.1.2 lntrawell Comparisons 

When justified, intrawell comparisons are more powerful than interwell comparisons because they account for 

spatial variability in groundwater chemistry. Intrawell comparisons may be justified for those facilities that 

meet one or more of the following criteria: 

• Monitoring wells were installed prior to disposal of waste. 

• There is no definable gradient on the site or the site has an inward gradient. 
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• There is no evidence of existing contamination from an on or off-site source. 

• There is too few upgradient wells to meaningfully characterize spatial variability 

(e.g., a site with one up~radient well or a facility in which upgradient water quality 

is not representative of downgradient water quality) . 
• 

• The site satisfies specific hydro&_eological criteria (e.g., slow moving groundwater zones, no 

access to upgradient groundwater, inappropriate groundwater migration pathways) as 

defined by a groundwater professional. 

If an intrawell comp_arison is justified based on meeting one or more ot the above criteria, compute intrawell 

comparisons using combined Shewart-CUSUM control charts [40 CFR 258.53(h)(3)]. In addition, for those 

wells and~~nstituents that fail upgradient versus downgradient comparisons, compute combined Shewart­

CUSUM control charts. If no VOCs or hazardous metals are detected and no trend is detected in other 

indicator constituents, use intrawell comparisons for detection monitoring of those wells and constituents. 

If all background measurements (for either interwell or intrawell comparisons) are nondetects after 13 

sampling events, use PQL as statistical decision limit [40 CFR 258.53(h)(5)]. Thirteen samples provides a 
99 percent confidence nonparametric prediction limit with one resample [40 CFR 258.53(h)(l) and USEPA 

1992 Section 5.2.3]. 

If detection frequency is greater than zero (i.e., the constituent is detected in at least one background sample) 

but less than 25 percent, set control limit to the largest of at least 13 background samples. 

As an alternative to the two above paragraphs, compute a Poisson prediction limit following collection of 

eight background samples (USEPA 1992 Section2.2.4). 

4.1.1.3 Verification Resampling 

Verification resampling is an integral part of the statistical methodology (USEPA 1992 Section 5). Without 

verification resampling, much larger prediction limits would be required to obtain a site-wide false positive 

rate of 5 percent. The resulting false negative rate would be dramatically increased. Verification resampling 

allows sequential application of a much smaller prediction limit, therefore minimizing false positive and false 
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negative rates. A statistically significant exceedance is not declared and should not be reported until the 

results of the verification resample are known. The probability of an initial exceedance is much higher than 5 

percent for the site as a whole. 

Requiring passage oftwo verification resamples (e.g., in the state of California regulation) will lead to higher 
, 

false negative rates because larger prediction limits are required to achieve a site-wide false positive rate of 

5 percent than for a single verification resample. In light of these considerations, one verification resample 

will be collected in the event of an initial exceedance. Verification resampling will only be performed for the 

well(s) and constituent(s) that initially exceeded the limit. 

4.1.1.4 ,)~"alse Positive and False Negative Rates 

A simulation study will be conducted based on the current monitoring network, constituents, detection 

frequencies, and distributional form of each monitoring constituent (USEP A 1992 Appendix B). The 

frequency of verification resamples and false assessments for site as a whole will be projected for each 

monitoring event based on the results of the simulation study. 

4.1.1.5 Use of MDLs and PQLs in Groundwater Monitoring 

The method detection limit (MDL) indicates that the parameter is present in the sample with confidence. For 

example, an MDL may be constructed with a 99 percent confidence that the analyte is present in the next 

single sample or 99 percent confidence that the analyte is present in 99 percent of all future detection 

decisions. It can be concluded that the analyte is present in those samples where the measurement exceeds the 

MDL. However, exceedance of an MDL provides no quantitative information regarding the true 

concentration of the constituent in that sample. 

The PQL indicates that the true quantitative value of the analyte is close to the measured value (i.e., the 

minimum quantifiable concentration). Measurements that exceed the PQL are considered quantifiable, 

therefore the measurements can be used in quantitative analyses such as groundwater monitoring statistical 

evaluations. 
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For analytes with estimated concentrations exceeding the MDL but not the PQL, it can only be concluded that 

the true concentration is greater than zero. There is no way of knowing the actual concentration. For 

example, if the laboratory·specific MDL for a given compound is 3 J..lg/L, and the PQL for the same 
<. 

compound is 6 J..lg/L, then a detection of that compound at 4 J..lg/L could actually representa true 

concentration of anywhere between' 0 and 6 J..lg/l. The true concentration may well be less than the MDL. 

Comparison of such a value to a maximwn contaminant level (MCL or health·based standard) or any other 

concentration limit (e.g., alternate concentration limit of ACL) is not meaningful unless the concentration is 

larger than the PQL. Verification resampling applies to this case as well. 

4.1.2 ~sessment Monitoring 

The requirements for assessment monitoring were discussed in Section 1.3.2.3. If the facility is placed into 

assessment monitoring, defme background concentrations for any Appendix II compounds detected during 

background sampling. See Appendix A of this report for a list of Appendix II parameters. Using the 

interwell or intrawell comparisons described in Section 3.1.1, determine if there is a SSI in one or more of the 

Appendix II constituents found in the background samples. 

4.1.3 Corrective Action Monitoring 

If corrective action is required, use same statistic until background is achieved for 3 years [ 40 CFR 

258.58(e)(2)]. Use Sen's test to evaluate trends (declining) to demonstrate effectiveness of corrective action. 

4.1.4 Implementation 

A computer program will ~ used to implement the detection monitoring plan and will encompass all aspects 

of the previously presented statistical decision tree. The program will select the appropriate statistical 

methods based on the decision tree presented in Figure 4·1 at the end of this section. 

4.1.5 Case Examples 

The purpose of this section is to provide a description of the specific statistical methods to be used. The 

following cases are examples of how the decision tree shown in Figure 3·1 can be implemented. Please note, 

however, that specific recommendations for any given facility require an interdisciplinary site·specific study 
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that encompasses knowledge of the facility, its hydrogeology, geochemistry, and study of the false positive 

and false negative error rates that will result. 

4.1.5.1 Parametric ANOVA 

The steps for evaluating data using a one· way, parametric ANOV A are swnmarized below: 

• Compute the mean concentration, Z;, of the parameter in each well 

• Compute the overall mean value, Z, for all results 

• Compute the standard deviation, a, of all results 

• Compute the sum·of squares, SS, using the following equations 

If 

SS-IU= LN;Z?-NZ1 

i-1 

SSERROR = SSroTAL • SSWELL~ 

where N = total number of samples 

Ni = number of samples in each well 

• Compute the degrees of freedom, DF, using the following equations: 

OF WELLs= Number of Wells • I 

OF ERRoR= Number of Samples • Number of Wells 

• Divide SSWELLS by DFWEus to produce MSWELLS and SSERROR by DFERROR to produce 

MSERROR 
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• Divide MSWELLS by MSERROR to produce the F·ratio 

• Compare the F·ratio with the tabulated value based on the appropriate confidence level and 
<. 

degrees of freedom. If the calculate, F ·ratio is greater than the tabulated F, an SSI is 

observed between 'the background wells and compliance wells. 

• If it is determined there is an SSI for a group of wells, perform a post·hoc analysis, a5 

described in the AIFG, using multiple comparisons with a 1 percent false positive rate for 

each well to determine which well(s) caused the SSI. 

4.1.5.2 :~onparametric ANOVA 

The steps for evaluating data using the Kruskal·Wallis test (a one·way, nonparametric ANOVA) are 

summarized below: 

• Rank all results from lowest to highest for each parameter. For tied values, the rank 

assigned is the average· rank of the tied values. 

it Compute the sum of the ranks for each well. 

H,;_( 12 •±R?J~J(N+ 1) 
N*(N + 1) jzJ N1 

• Compute the H statistic as follows: 

where R.; = sum of ranks of the ith group 

N = total number of samples 

N; == number of samples in the ith group 

• Adjust H statistic for ties values using the following equations. 
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H'= H 

1-± T; 
I*' N 3 -N 

where (t;3
- t;) 

t; = number of tied values in the ith group of tied values 

• Compare H' to the critical chi-squared value for the appropriate confidence level. If H' 

exceeds the chi-squared value, an SSI is observed between the background wells and 

compliance wells. 

·~-, If it is determined there is an SSI for a group of wells, perfonn a post-hoc analysis, as 

described in· the AIFG, using multiple comparisons with a 1 percent false positive rate for 

each well to detennine which well(s) caused the SSI. 

4~ 1.5.3 Prediction Limit 

For those wells and constituents that show similar variability in upgradient and downgradient monitoring 

zones, interwell comparisons can be perfonned by computing limits based on historical upgradient data to 

which individual new downgradient monitoring measurements can be compared. The following text outlines 

decision rules by which various prediction limits can be computed. The decision points are based on 

detection frequency and distributional fonn of the up gradient data. 

• <;:ase 1: Compounds quantified in all background samples. 
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Test nonnality of distribution using the multiple group version of the Shapiro-Wilk 

test (Wilk and Shapiro, 1968) applied to n background measurements. The multiple 

group version of the original Shapiro-Wilk test (Shapiro and Wilk, 1965) takes into 

consideration that upgradient measurements are nested within different upgradient 

monitoring wells, hence the original Shapiro-Wilk test does not apply (US EPA, 

1992 Section 1.1.4). 

If normality is not rejected, compute the 95 percent prediction limit as: 
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where 

X+ 
.. 

1 
1+-trn-t.al 

11 

S= :t(X;-X / 
jmJ n-1 

where a is the false positive rate for each individual test, t [n-1,a] is the one-sided (1 -a) 

100 percent point of Student's t distribution on n - 1 degrees of freedom, and n is the 

number of background measurements 

Select a as the minimum of .01 or one of the following: 

Pass the first or one of one verification resamples 

a= (1 - .95 1
/k)'ll 

Pass the first or one of two verification resamples 

a=(l-.95 1
1k)

113 
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Pass the first or two of two verification resamples 

where k is the nwnber of comparisons (i.e., monitoring wells times constituents 

(USEPA 1992 Section 5.2.2). 

Ifnonnality is rejected. take naturallogaritluns of then backgrOlmd measurements and 

recompute the multiple group Shapiro--Wilk test. 

If the transfonnation results in a nonsignificant G statistic (i.e., the values lo&c(X) are 

nonnally distributed - see USEP A 1992 Section 1.1 ), compute the lognonnal prediction limit 

as: 

where 

y = ± /oge(x; + J) 

i""l 11 

and 
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If log transfonnation does not bring about nonnality (i.e., the probability of G is 

less than 0.0 1}, compute nonparametric prediction limits (US EPA 1992 Section 

5.2.3} or compute Poisson prediction limit (USEPA 1992 Section 2.2.4.) 

Case 2: Compounds quantified in at least 50 percent of all background samples . 

Apply the multiple group Shapiro-Wilk test to the n1 quantified measurements only. 

If the data are nonnally distributed compute the mean of the n background samples 

as: 

where x' is the average of the n1 detected values, and n., is the nwnber of samples in 

which the compound is not detected or is below the method detection limit. The 

standard deviation is: 

_(/no) r+no(1 no-1) 2' s- -- s - --- x n n n-1 
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Poisson PL = yln+-+tln.jy(l+n)+t1 14. 

2n 

where y is the swn of th_s: detected measurements or reporting limit for those 

samples in which the constituent was not detected and t is the ( 1 - a) 100 upper 

percentage point of Student's t-distribution (US EPA 1992 Section 2.2.4) 

4.1.5.4 lntrawell Comparisons 

One method for computing intrawell comparisons is the combined Shewart-CUSUM control chart (US EPA 

1992 Section 6.1). This method is sensitive to both gradual and rapid releases and is useful as a method of 

detecting "trends" in data. Note that this method should be used on wells unaffected by the landfill. There 

are several approaches to implementing the methOd and one way is described below. 

The combined Shewart-CUSUM control chart procedure asswnes that the data are independent and normally 

distributed with a fixed mean J.L and constant variance ci. The most important asswnption is independence, 

and as a result, wells should be sampled no more frequently than quarterly. In some cases where groundwater 

moves relatively quickly, it may be possible to accelerate·background sampling to eight samples in a single 

year. However, this should only be done to establish background and not for routine monitoring. The 

asswnption ofnormality is somewhat less of a concern, and if problematic, natural log or square foot 

transformation of the observed data should be adequate for most practical applications. For this method, 

nondetects can be replaced by the method detection limit without serious consequence. This procedure should 

only be applied to those constituents that are detected at least in 25 percent of all samples, otherwise, a 2 is not 

adequately defined. 

The following guidelines will be used to handle nondetects in the data. 

• For those well and constituent combinations in which the detection frequency is less than 25 

percent, a graphical display of these data can be provided until a sufficient nwnber of 

measurements are available to provide 99 percent confidence for an individual well and 
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constituent using a nonparametric prediction limit. In this context the nonparametric 

prediction limit is the maximum detected value out of the n historical measurements. As 

previously discussed, this amounts to 13 background samples for one resample, eight 

background sampl:s for pass one of two resamples, and 1 8 background samples for pass 

two oftwo resamples. lfnonparametric prediction limits are to be used for intrawell 

comparisons of rarely detected constituents, two verification resamples will often be required 

and failure will only be indicated if both measurements exceed the limit (i.e., the maximum 

of the first eight samples). 

• For those cases in which the detection frequency is greater than 25 percent, substitute the 

~·, median reporting limit for the nondetects so that changes in reporting limits do not appear to 

be significant trends. 

• 

• 

If nothing is detected in 8, 13, or 18 independent samples (depending on resampling 

strategy), use the reporting limit as the control limit. 

As in the previously described interwell comparisons, Poisson prediction limits, serving as 

an alternative to nonparametric prediction limits for rarely detected constituents (i.e., less 

than 25 percent detected), can be used. Poisson prediction limits can be computed after 

eight background measurements regardless of detection frequency. 

The following procedure will be used to analyze the data: 

. 
• At least eight historical independent samples must be available to provide reliable estimates 

of the mean J..L and standard deviation cr, of the constituent's concentration in each well. 

• Select the three Shewart-CUSUM parameters- h (the value against which the cumulative 

sum will be compared), k (a parameter related to the displacement that should be quickly 

detected), and SCL (the upper Shewart limit which is the number of standard deviation units 

for an immediate release). Lucas ( 1982) and Starks ( 1988) suggest that k = 1, h = 5, and 

SCL = 4.5 are most appropriate for groundwater monitoring applications. This is supported 
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by USEPA in their interim final guidance document Statistical Analysis of Groundwater 

Monitoring Data at RCRA Facilities (April, 1989) and the Addendum to Interim Final 

Guidance (US EPA 1992 Section 6.1 ). For ease of application, select h = SCL = 4.5, which 

is slightly more conservative than the value ofh = 5 suggested by USEPA. .After selection-
• 

of h. k, and SCL, perform the foJlowing: 

Denote the new measurement at time point 1i as x;. 

Compute the standardized value Z; using the following equation: 

where x and s are the mean and standard deviation of the at least eight historical 

measurements for that well and constituent (collected in a period of no less than 1 

·year). 

At each time period, t;, compute the cumulative sum S;, as 

S; = max[O.( z;-K)+ S;-1} 

where max [A, B] is the maximum of A and B, starting with So= 0. 

Plot the values of S; (y-axis) versus t; (x-axis) on a time chart. Declare an "out-of­

control" situation on sampling period t; if for the first time, S; :<: h or z; :<: SCL. Any 
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such designation, however, must be verified on the next round of sampling before 

further investigation is indicated. 

Note that unlike prediction limits, which provide a fixed confidence level (e.g., 95 . 
percent) for a given nWI).ber of future comparisons, control charts do not provide 

explicit confidence levels and do not adjust for the number of future comparisons. 

The selection ofh = SCL = 4.5 and k = 1 is based on USEPA's own review of the 

literature and simulations (see Lucas, 1982; Starks, 1988; and USEPA, 1989). 

USEPA indicates that these values "allow a displacement of two standard deviations 

to be detected quickly." Since 1.96 standard deviation units corresponds to 95 

percent confidence on a normal distribution, approximately 95 percent confidence 

can be achieved for this method as well. 

In terms of plotting the results, it is more intuitive to plot values in their original 

metric (e.g., J.Lg/L) rather than in standard deviation units. In this case h = SCL = x 

+ 4.5s and the S; are converted to the concentration metric by the transformation S; • 

s + x, noting that when normalized (i.e., in standard deviation Wlites) x = 0 and s = 1 

so that h = SCL = 4.5 and S; * I + 0 = S;. 

From time to time, inconsistently large or small values (outliers) can be observed due to sampling, laboratory, 

transportation, transcription errors, or even by chance alone. A verification resampling procedure can reduce 

the probability of concluding that an impact has occurred if such an anomalous value is obtained for any of 

these reasons. However, nothing has eliminated the chance ~at such errors might be included in the historical 
-

measurements for a particular well and constituent. If such erroneous values (either too high or too low) are 

included in the historical database, the result would be an artificial increase in the magnitude of the control 

limit and a corresponding increase in the false negative rate of the statistical test (i.e., conclude that there is 

no site impact when in fact there is). To remove the possibility of this type of error, historical data are 

screened for each well and constituent for the existence of outliers (US EPA 1992 Section 6.2) using the 

Dixon method (Dixon 1953). These outlying data points are indicated on the control charts (using a different 

symbol), but are excluded from the measurements used to compute the backgroWld mean and standard 

deviation. In the future, new measurements that tum out to be outliers, in that they exceed the control limit, 
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will be dealt with by verification resampling in downgradient wells only. This same outlier detection 

algorithm can be applied to each up gradient well and constituent to screen outliers for interwell comparisons. 

If contamination is pre-existing, trends will often be observed in the backgroimd database from which the 
• 

mean and variance are computed. This will lead tp upward biased estimates and grossly inflated control 

limits. To remove this possibility, the background data for each well and constituent will be screened for 

trend using Sen's ( 1986) nonparametric estimate of trend. Confidence limits for this trend estimate are given 

by Gilbert ( 1987). A significant trend is one in which the 99 percent lower confidence bound is greater than 

zero. In this way, even pre-existing trends in the background dataset Will be detected. 

During v~fication resampling it should be noted that when a new monitoring value is an outlier, perhaps due 

to a transcription error, sampling error, or analytical error, the Shewart and CUSUM portions of the control 

chart are affected quite differently. The Shewart portion of the control chart compares each individual new 

measurement to the control limit Therefore, the next monitoring event measurement constitutes an 

independent verification of the original result. In contrast, however, the CUSUM procedure incorporates all 

historical values in the computation. Therefore, the effect of the outlier will be present for both the initial and 

verification sample. Hence the statistical test will be invalid. 

For example, assume x =50, and s = 10. During quarter one the new monitoring value is 50, so z =(50-

50)/10 = 0 and S; = max[O,(z- 1) + 0] = 0. During quarter two, a sampling error occurs and the reported 

value is 200, yielding z= (200- 50)/10 = 15 and S; =max [0, (15-1) + 0] = 14, which is considerably larger 

than 4.5. Hence, an initial exceedance is recorded. On the next round of sampling, the previous result is not 

conflillled because the result is back to 50. Inspection of the CUSUM, however, yields z =(50- 50)/10 = 0 
. 

and S; = ax[O, (0- 1) + 14] = 13, which would be taken as a confirmation of the exceedance, when in fact no 

such verification was observed. For this reason, the verification must replace the suspected result in order to 

have an unbiased confirmation. 

As monitoring continues and the process is shown to be in control, the background mean and variance will be 

updated periodically to incorporate new data. Every year or two, all new data that are in control will be 

pooled with the initial samples and x and s recomputed. These new values of x and s will then be used in 
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constructing future control charts. This updating process should continue for the life of the facility and/or 

monitoring program (USEPA 1992 Section 6.2). 

An alternative approach to intrawell comparisons using control charts involves computation of well-specific-
• 

prediction limits. Prediction limits are somewhat~ more sensitive to immediate releases than the combined 

Shewart-CUSUM control charts. Prediction limits are also less robust to deviations from distributional 

assumptions. The following text describes the procedures to be used in calculating well-specific prediction 

limits: 

• 

• 

Compute normal prediction limits as described in the previous section on interwell 

comparisons. 

For detection frequencies greater than 25 percent, nondetects arc replaced with the median 

reporting limit. For detection frequencies less than 25 percent, either nonparametric or 

Poisson prediction limits are computed depending on what option the user has selected (i.e., 

rare-event statistic window). 

4.2 DESCRIPTION OF STATISTICAL METHODS 

This section gives a brief description of the recommended statistical procedures discussed in Section 4 .1.1. 

More information and detailed examples can be foWld in the Guidance and AIFG (USEPA, 1989 and 1992). 

4.2.1 Shapiro-Wilk Test of Normality (for grouped data) 

The Shapiro-Wilk test is a test for normality of a data set (or log-normality if log-transformed data are 

tested). The ordered values are correlated with the quantiles of a normal distribution to calculate the Shapiro­

Wilk statistic W. This is then compared to tabulated critical values to determine whether there is significant 

evidence of non-normality. The smaller the value ofW, the less likely that the distribution can be considered 

normal (Shapiro and Wilk, 1968). 
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4.2.2 Probability Plotting and the Probability Plot Correlation Coefficient 

This is a test for normality of a data set (or log-normality if log-transformed data are tested). Ordered data 

are plotted against the probabilities for a normal distribution. The plot will be linear for normal data. The 

significance of any departure from linearity is investigated by calculating the probability plot correlation 
• 

coefficient and comparing to tabulated critical values. 

4.2.3 Detects-Only Probability Plot 

This is a probability plot of detected values where only non-detected values are ignored. 

4.2.4 Censored Probability Plot 

This is a ~"fobability plot in which nondetect values are given the lowest ranks and are assigned the 

corresponding normal probabilities, but are not plotted. 

4.2.5 Parametric Prediction Limits 

A prediction limit is constructed to contain a specified number of future observations from the same 

(uncontaminated) well with a speCified confidence. If the background data have mean, X, and standard 

deviation, S, the parametric upper prediction limit, PL, constructed to be greater than K future samples with 

confidence (1-P) percent, is: 

PL=X+KS 

where K is calculated as follows: 

K = t n-u-1* .J 1 + 1 In 

where n is the number of background samples and the t-value represents the upper ( 1-Pik)th percentile of the 

Student's t distribution with (n-1) degrees of freedom. If the data are log-normally distributed, all 

calculations are performed on log-transformed data. 
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4.2.6 Cohen's Method 

This is a method for estimating the mean and standard deviation of a data set containing up to 50 percent 

nondetect values. Cohen's method asswnes.that all the data (detects and nondetects) come from the same 

normal or log-nonmil population, but that nondetect values have been "censored" at the detection limit; the 
• 

result of applying the method is a maximwn-likelihood estimate of the mean and standard deviation of the 

full data set. If the data follow a log-normal distribution, Cohen's adjustment is performed on log­

transformed data; the resulting estimates of the mean and standard deviation of the log-transformed data can 

be used for other statistical procedures such as constructing prediction limits. 

4.2. 7 Aitchison's Method 

This is a method for estimating the mean and standard deviation of a data set containing up to 50 percent 

nondetect values. In contrast to Cohen's method, Aitchison's approach asswnes that the nondetect samples 

are uncontaminated and can be asswned to have zero concentration, thus making it possible to calculate the 

mean and standard deviation of the data set directly as follows: 

a 2 =(n-(d+J))(s* /+ d(n-d\.x* / 
n-1 n n-JJ' 

where J.1 is the estimated mean of the entire data set 

x· is the mean of the detected values 
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n is the total nwnber of samples 

d is the number of nondctects 

a is the estimated standard deviation of the entire data set 

s* is the standard deviation of the detected values 
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4.2.8 Nonparametric Prediction Limits 

Nonparametric tolerance and prediction limits are constructed to be independent of any assumed distribution 

and therefore are suitable for use when the distribution is unknov.n or can be demonstrated to be neither 

normal nor lognormal. Nonparametric methods, while generally less powerful than parametric methods for.--
• 

normal data, are frequently more powerful for nap-normal data or data containing a large number of 

nondetect values. The nonparametric prediction limits will be the maximum value in the background set for 

small data sets, but will be a different value (e.g., the second or third highest) for larger data sets. 

4.2.9 Poisson Prediction Limits 

This is a method for modeling data with greater than 90 percent nondetects. The detected samples are 

·modeled as."rare events" using the Poisson distribution. The method is described by Gibbons (1987b) and in 

the AIFG (USEPA 1992). It is based on adding all the concentrations in the background samples for a 

particular analyte to give the "Poisson count", T n. where n is the number of background samples. Nondetect 

values are set to one-half the PQL in the Poisson count. 

A prediction limit on the Poisson count which includes k future measurements with confidence (1-P) percent, 

PL,.k, is constructed from the background data as: 

P,Tk=-T +--+-t T 1+- +-k k 1
1 

k ( n) 1
2 

L.n n n n 2 n n k 4 

where t=tn.1,1.p is the upper {l-f3)th percentile of the Student's t distribution with (n-1) degrees of freedom. 

This prediction limit is compared to the sum of the concentrations in the sample from a single downgradient 

well. Nondetected values must be treated identically in calculating do\mgradient and background Poisson 

counts. 

4.2.10 Shewhart -Cumulative Sum (CUSUM) Control Charts 

This is a method for visually comparing changes in concentration in a well with background data from the 

same well (or sometimes from different wells). Some advantages of control charts are as follows: 

PRSAP04.doc 

3/26/99 

4-25 



• It is a graphical technique and, therefore trends in the data may be more readily apparent 

than through other comparison techniques. 

• Monitoring data is compared to prior data from the same well, thereby removing spatial 

variability as a confounding factor. 

A control chart is a plot of measured concentrations and accumulated concentrations, in standardized units, 

versus sampling time. Constructing a control chart requires that the baseline data are characteristic of 

background data (i.e., that the well is initially uncontaminated), background data are normally (or log­

normally) distributed, and sufficient 4etected values are in the baseline data to obtain reliable estimates of the 

mean and;~andard deviation. Control charts are probably most appropriate for inorganic parameters that 

occur naturally at the site. 

The following steps involved in using a control chart are as follows: 

• Estimate the baseline parameters from the initial sample data (a minimwn _of four samples 

over the course of a year, preferably eight). The baseline data are the mean, m, and standard 

deviation, s, of the initial samples. 

• Select values for three control parameters: 
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h- A decision internal value generally set to 4 or 5. Five is recommended for 

groundwater data (Starks, 1988~ Lucas, 1982) 

k - A reference value equal to D/2 where D is the displacement that should be 

quickly detected. The EPA recommends selecting k= I, which will allow a 

displacement of two standard deviations to be detected quickly. 

SCL - Shewhart control limit; 4.5 is recommended (Starks, 1988). 



• For each time period, T;, taken; independent samples (n; may be one) and calculate the mean, 

x;. Compute the standardized mean Z; of the measured concentrations as: 

.. 
Z 1 = (X;- m).j;;;ls 

Also compute the cumulative sum, S;, as: 

where max{A.B} is the maximum of A and B. and So= 0. 

• Plot~ and S; against T; on the control chart. An "out-of-control" situation (potential 

contamination) occurs whenever~ ~ SCL or S; ~ h. Two different types of situations are 

controlled by these limits - too large a standardized mean will occur if there is a rapid 

increase in concentration in the well and too large a cumulative sum may also occur for a 

more gradual trend. 

If the control chart remains "in control" for a long period of time, it is desirable to update the baseline 

parameters to include more recent observations. This will help to control fluctuations in background values 

which may occur even in the abst:nce of contamination . 
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5.0 SEMIANNUAL GROUNDWATER MONITORING REPORTS 

Upon the completion of the semiannual sampJing and analysis of the data, a report will be prepared for 

submission to the Puerto Rico Envirorunental Quality Board. 
' 

Groundwater monitoring reports are required to be submitted to the EQB after each sampling event and 

placed into the site's operating record. The reports will include the following items: 

• Purpose of sampling 

• Piezometric surface map 

• Copies of field logbooks or Groundwater Sampling Data Sheets 

• Chain of custody records 

• Copies of raw laboratory analytical results 

• Water quality parameters 

• Swrunary of laboratory results 

• Laboratory data validation swrunary 

• Results of statistical analysis 

• Any deviations from the SAP during the sampling event and reasons for the change 

• Certification from a qualified groundwater scientist. 

The groundwater flow rate and direction must be determined each time groundwater is sampled. A 

piezometric surface map that shows groundwater contours and flow direction arrows will be created based on 

the static water levels taken during each sampling event. This map will be submitted to the EQB along with 

the report. ....,_~, 

The results of the statistical analysis, except during collection of background samples, will be submitted each 

time groundwater is sampled. The statistical results should include the test(s) performed, any statistical 

values generated during analysis, and a brief evaluation of the statistical results. 
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6.0 RESPONSE TO STATISTICAL ANALYSIS AND CORRECTIVE ACTION 

The Environmental Engineering Division of the Public Works Department, U.S. Naval Station Roosevelt 
"' 

Roads, will analyze the results of its groundwater monitoring program on a regular basis. If a statistically 

significant increase occurs in any dclection monitoring parameter is observed, a response to the statistical 

analysis will be required. In addition, if a contamination plwne is identified, it may be necessary to 

implement corrective action. 

6.1 RESPONSE TO STATISTICAL ANALYSIS 

A response to the statistical analysis i~ required under Rule 557 to attempt to isolate the cause of any 

statisticall-)t._significant increase in a monitored parameter. The response involves evaluating the existing 

data, potentially obtaining additional groundwater samples, isolating the source of the statistically significant 

increase, performing assessment monitoring, and determining a groundwater protection standard. 

6.1.1 Response to a Statistically Significant Increase 

The following responses to a statistically significant increase will occur if the subsequent situations are 

identified: 

• If analysis of the up gradient wells shows a statistically significant increase over background 

levels, USNS Roosevelt Roads will submit the information to the Puerto Rico Environmental 

Quality Board (EQB). 

• If analysis of the downgradient wells shows a statistically significant increase over 

background levels, USNS Roosevelt Roads will obtain additional samples from the 

downgradient wells which showed the statistically significant difference and split the 

samples into two equally sized samples and analyze the samples to determine if the 

statistically significant increase was caused by a laboratory error. 

• If additional samples continue to show the statistically significant increase over background 

levels, USNS Roosevelt Roads will demonstrate to the EQB within 90 days that the source 

PRSAP06.doc 6-1 
3/26/99 



-) 

) 

.. ) 

of the statistically sign~ficant increase is a source other than the sanitary landfill or the 

statistically significant increase resulted from an error in a sampling, analysis, statistical 

evaluation or natural variation. If this demonstration cannot be made, USNS Roosevelt .. 
Roads will submit a plan to the EQB for a groundwater assessment monitoring program. 

6.1.2 Assessment Monitoring Program 

An assessment monitoring program will be required if a demonstration cannot be made that a statistically 

significant increase was caused by a source other than the sanitary landfill or an error occurred. If assessment 

monitoring is required, a plan will be submitted to the EQB which details the following aspects of the 

assessment monitoring program: 

• Number, location, and depth of existing wells 

• Sampling and analytical methods to be used to monitor the parameters listed in Appendix II 

• Evaluation procedures, including any use of previously gathered groundwater quality 

information 

• Rate and extent of migration of the contaminant plume in groundwater 

• Concentrations of the contaminant plume in groundwater 

Sampling and analysis of the groundwater for the Appendix II parameters will occur within 90 days of the 

beginning of the assessment monitoring program and conducted semiannually thereafter. Each dq,wngradient 

well will be sampled at least once during the initial sampling event. Each downgradient well with a positive 

detection of an Appendix II parameter will be sampled during each subsequent semiannual sampling event. 

If a new parameter is detected during assessment monitoring in the dov.ngradient wells, a minimum of four 

background samples will be collected and analyzed to establish the background level for the new parameter. 

USNS Roosevelt Roads will submit the results of the implementation of the assessment monitoring program 

to EQB. 
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Upon receipt of the results from each sampling event, the owner or operator will notify the EQB of the 

parameters detected and place the notification in the operating record. All wells will be sampled 

semiannually and analyses conducted for all Appendix I parameters and detected Appendix II parameters. 

The results of the sampling events will be placed in the operating record, and the EQB will be notified of the 

measured parameter levels. New backgroWld conce;ttrations will be established for newly detected 

parameters during subsequent sampling events, as well as new groundwater protection standards. 

If the concentrations of all the Appendix II parameters are at or below backgroWld levels for two consecutive 

sampling events, the owner or operator will reinstate detection monitoring with the approval of EQB. 

However, if the concentration of any Appendix II parameter is above the background level but below the 

groundwater protection standard, the owner or operator notify the EQB. The EQB may require the owner or 

operator to continue assessment monitoring or develop a corrective measures asSessment. If one or more 

Appendix II parameter is detected at a statistically significant level above the groWldwater protection 

standard, the owner or operator will begin the corrective action program. In addition, the owner or operator 

may install and sample (if needed) additional monitoring wells. The owner or operator will notify all persons 

who own or occupy land that directly overlies any part of the plwne. Continuation of the assessment 

monitoring program will also occur. 

6.1.3 Groundwater Protection Standard 

EQB will establish a groundwater protection standard for each detected Appendix II parameter from one of 

the groundwater protection standards: 

• For parameters with a maximwn contaminant level (MCL) established under Section 1412 

of the Federal Safe Drinking Water Act ( 40 CFR 141 ), the standard will be the MCL for that 

parameter 

• For parameters which do not have MCLs under the Federal Safe Drinking Water Act, the 

standard will be the background for the parameter 

• For parameters with background levels higher than the MCL from the Federal Safe Drinking 

Water Act, the standard will be the background for the parameter 
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• A level established by the EQB which accounts for relevant factors, including multiple 

contaminants in the groundwJiter, exposure threats to sensitive environments, and other site­

specific considerations 

6.2 CORRECTIVE ACTIONS 

Corrective action may be required under Rule 559 to mitigate any potential groundwater contamination. The 

corrective action requires that an assessment of the appropriate corrective actions be undertaken, an 

appropriate remedy selected, and the remedy implemented. 

Corrective actions may become necessary if any constituents listed in Appendix II are detected at a 

statistically significant level which exceeds the groundwater protection standardS. 

6.2.1 Assessment of Corrective Measures 

At the request ofEQB, the owner or operator will initiate an assessment of the appropriate corrective 

measures. A report will be prepared within a reasonable time which outlines the corrective measures studied. 

The study will involve analyzing (at a minimum) the following items: 

• Performance, reliability, ease of implementation, and potential impacts of the potential 

remedies 

• Necessary time to start and complete the potential remedies 

• Cost of the potential remedies 

• Any permitting or ~ther regulatory requirements associated with the potential remedy 

The owner or operator will hold at least one public hearing to allow those interested or affected by the 

potential remedies to discuss the study's results. The entire assessment phase will be conducted within a 

reasonable period of time in order to protect the public health. 
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During the assessment phase, the owner or operator will continue to conduct monitoring, including the 

assessment monitoring program. 

6.2.2 Selection of a Reme~y 

A corrective measure will be selected after the completion of the assessment phase, which protects the public 

health, the environment, and groundwater; minimizes the potential for releases, and properly manages all 

waste materials. Upon the selection of a remedy, the owner or operator will submit a report to the EQB 

which identifies the proposed remedy within 14 days. The selection report will be placed in the operating 

record. A timetable which estimates the initiation and completion time periods for the remedy will be 

included in the selection report. 

The EQB will consider the following factors when evaluating the proposed remedy: 

• The long- and short-term effectiveness and protectiveness of the proposed remedy and its 

likelihood of success 

• The effectiveness of the proposed remedy to minimize any future releases 

• The degree of difficulty involved with implementing the proposed remedy 

The EQB will review the proposed timetable using the following factors: 

• The extent and nature of the contamination 

• The behavior characteristics of the contaminants in groundwater 

• The characteristics of the groundwater 

• The accuracy of monitoring or modeling techniques 

The EQB may not require remediating a release by the owner or operator if it can be demonstrated that the 

release is from a source other than the sanitary landfill, the aquifer is not a source of drinking water, or the 

release will not migrate to a body of water where the concentration of the released constituent is above 

background levels. Additionally, the owner or operator may not need to perform remediation if it can be 

shown that it is technically impractical or the remediation would have unacceptable cross-media impacts. If 
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Appendix I Groundwater Monitoring Parameters 

PARAMETER 

.··• >:.:·· 
INORGANIC CONSTITUENTS 

Antimony · 
Arsenic 
Barium ' 
Beryllium· 
Cadmium' 
Chromium' 
Cobalt • 
Copper' 
Lead •· 
Nickel · 
Selenium' 
Silver · 
Thallium' 
Vanadium· 
Zinc ' 

ORGANIC CONSTITUENTS 
Acetone .-
Acrylonitrile' 
Benzene" 
Bromochloromethane " 
Bromodichloromethane ' 
Bromoform, 
Carbon disulfide ,. 
Carbon tetrachloride 
Chlorobenzene ' 
Chloroethane. 
Chloroform ' 
Dibromochlorornethane 1 

1 ,2·Dibromo-3-chlof7opane ' 
1 ,2-Dibromoethane 

\;;t- b.;u.~ ob a-Dichlorobenzene · 
o-Dichlorobenzene ' / 

~ . 

USNS Roosevelt Roads Sanitary landfill 
Celbl, Puerto Rico 

SW-8461601 0 or SM 3113B 
SW-8481601 0 or SM 31 13B 
SW-84616010 or SM 31130 
SW-8461601 0 or SM 3111 B 
SW-846/6010 or SM 3111B 
SW-84616010 or SM 3111B 
SW-846/601 0 or SM 3111B 
SW-8461601 0 or SM 3111B 
SW-84616010 or SM 3111B 
SW-8461601 0 or SM 3113B 
SW-8461601 0 or SM 31138 
SW-846/6010 or SM 3111B 
SW-8461601 0 or SM 3113B 
SW-8461601 0 or SM 3111 B 
SW-8481601 0 or SM 3111B 

SW-848/8260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-846/8260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-848/8260 or EPA 624.2 
SW-848/8260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 
SW-84618260 or EPA 624.2 

.; 
I 

ORGANIC CONSnTUENTS-fCoR'i 

. ANALYTICAL 
METHOD 

trans-1 ,4-Dichloro-2-butene •· SW-848/8260 
1,1-Dichloroethane / SW-848/8260 
1,2-0ichlorethane / SW-84618260 
1 , 1-Dichloroethylene ' SW-84618260 
cls-1 ,2-Dichloroethylene / SW-84618260 
trans-1,2-Dichloroeth)'iene / SW-84618260 
1 ,2-Dichloropropane , SW-84618260 
cls-1 ,3-Dlchloropropene ' SW-84618260 
trans-1 ,3-Dichloropropene ' SW-84618260 
Ethylbenzene , SW-846.18260 
2-Hexanone / SW-84618260 
Methyl bromide · .~ . ~ .. • , : t: ·, • SW-84618260 
Methyl chloride · ~-"''" ,•;.J" ~,. ~ SW-84618260 
Methylene bromide • SW-846.18260 
Methylene chloride _. SW-84618260 
Methyle ethyl ketone' SW-84618260 
Methyl iodide · :::C.lo? • ~'' tp SW-84618260 
4-Methyl-2-pentanone · •.'1~t' :c , SW-84618260 
Styrene ' ";:-eJ:)··•"·~·~ _... ..,. SW-84618260 

'LF', 
1,1,1,2-Tetrachloroethane, SW-84818260 
1,1, 2,2-Tetrachloroethane .· SW-84618260 
Tetrachloroethylene. SW-84818260 
Toluene.. SW-84818260 
1 , 1,1· Trichloroethane -' SW-84618260 
1,1 ,2-Trlchloroelhane ' SW-84618260 
Trichloroethylene/ SW-84618260 
Trichlorofluoromethane ,· SW-84618260 
1 ,2,3-Trichloropropane / SW-84618260 
VInyl acetate . SW-84618260 · 
VInyl chloride·· SW-84618260 · 
Xylenea j SW-84618260 · 

Note: Alternate EPA SW-846 methods may be used assuming that there Is no increase in detection limits. 

-
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r---~---~, ~r-~----------------------------------------~0 Request for Chemical Anaiy~ an'd Chain of Custody Record 

J Bums & McDonnell Waste Consultants, Inc. 
~ 

Laboratory Document Control No: I 
; 

1 9400 Ward Parkway 
Address _j 

! Kansas City, Missouri 64114 Lab. Reference No. or i 
; Phone: (816) 333-8787 Fax: (816) 822-3463 City/State/Zip Episode No.: ! 

Attention: Telephone l 
Project Number. Project Name: Sample Type 1:1 ! 

~ 
Site, Group, or SWMU Name: Matrix !§ 

..f 
Sample Number Sample .0 e 

Sample Location Material Sampled Collected ... f (!) Quantity Sample Sample < 
Point Designator Date (sq. ft. or linear) 

~ 

~ 

i 
-1 

I 
I 

I 
. ·-~ 

I 

i I __] 

Sampler r••"-J: Special Instructions: I 
Sampler r.sgn•w.J: l 

l 

Relinquished By: Datemme Relinquished By: Datemme Condition of Shipping Container: I lice Present in Container: 
1. (slgui:n): (~): Good 11 Fair 11 Poor II Yes II No J1 
Relinquished By: Datemme Relinquished By: Date/Time Comments: 
2. (slgui:n); ,.,..,.,. 

052396 FOtTII WQ.Of' 1 A 
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EXAMPLE SAMPLE LABEL 

~ Burns & McDonnell WCI ANALYSIS 

w 9400 Ward Parkway 
~ Kansas City, MO 64114 
0 
a: Phone: (816) 333-8787 

Sample Group: 

Sample Point: 

Sample Designator. 

Sample Round: Year: 

Sample Depth From: To: 

Date Sampled: 

lime Sampled: 

Preservation: 

EXAMPLE CUSTODY SEAL 

Burns & McDonnell WCI 
9400 Ward Parkway 
Kansas City, MO 

Signature---------------

Date-----------------
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Federal Register / Vol. 56. No. 196 I Wednesday. October 9, 1991 I Rules and Regulations 51033 

\ 

CAS RN • Common name • CAS RN • CorntnOf\ name • 

(37} trans-1,2-0ichloroelhytene; (47} Methyl ethyl ketone; MEK; 2- (59) 1.2.3-Tl'ichloto9<opan41 ...... ____ _ 

n,.1.2..Qiclioi'081heloe ..... ----··· 
(38) 1.2-0ichloropropane; Propylene 

156-60--5 Butenone .• ~---------~--·- 78-93-3 
7~ 

(1!0) Vinyl acetate ................ ________ _ 

dichloride----··-----·-·--·· 78-87-5 
10061-01-5 
10061-02~ 

tCl0-41-4 

(-48) Methyl locflde; ~thane. 
(49) 4-Methyl-2-pentanone; Methyl 

lsobulyt'l<etone ·-·--------­
(50) Styr9rle-------·---~ 
(51) 1,1,1.2-Tetradlloroeltlane __ 

(61) VInyl chlork!e .. ~--------­
(62) Xylenes ·--------------· 

(39) cis-1,3-0ic:hloropropene ---····· 
( 40) tra"'" 1,3-DichiOropfopenc~. __ , __ _ 

(41) Elhylbenzerle ... ----·------------· 
I 42) 2-Haxanone: Methyl butyl 

ketone. -----------------
(43) MalJ¥ bromide; Bromometh-ane ....... ___________ , __ -1 

(44) Melhyl chloride; Chlorometh-

ane .... - -----·------· 
(45) Methylene brOmide; Oibromo-methane_ .. _______________ __ 

{46) Me~ chloride; Dk:hloro-

methane--------·-----·-·----

591-7~ 

74-83-9 

74-95-3 

75-09-2 

• (52) 1,1,2,2-Tatrachlotoeltw>e -.-­
(53) Tetrachloroethyl-: Telrach-. 

loroethene; Perchlon:>elhylene -­
(54) Toluerle-------­
(55) 1,1,1-Tric111oroethane; Melh-

ylchlorotorm.--------·· 
(56) 1,1,2-Triehloro.-.thane.--­
(57) Tricl'lloroethyl Trichloroelh-

--------------------
(58) TrlehlorolluorometNne; CFC-

11---·------------

127-18-4 
108-88-3 

71-55-tl 
79-00-5 

79-<11~ 

Appendix II to this Part 25&-Ust of Hazardous lnorgaplc and Organic Constituents l 

Common Name • 

Aoeneph~--------------------·-·· 

Aca.aphtl'lylene -----------------··-----1 
Acelone.--------------i 
Acetonilrlle: M.et¥ cyanide. 
~ ---------~---------
2~2~~-----·------------, 

~-----------------------~~ 

CAS RN• 

83-32-9 ~ti'Jyl~, 1,2-dihydro-_________ _ 

208-116--6 Acen~ ---------------·---­>.· 

87~1 2~..:..----·-------------------~ 
75-05-6 .Aeetonitrlle-----------------1 
~2 E~1~-------------------~ 
53-96-3 Ac:elamide, N·9H-IIuoren-2-~--------··----l 

107-o2-l 2-Pmpenal._.. ·-

~ 
math-
ods' 

8100 
8270 
8100 
8270 

. 8350 
8015 
8270 
8270 
80SO 
8260 

') Aaytonitrlle-

Aldrin------------------1 
Al)'f chloride·--------·-------------------

. t07-13-l 2-Propenenitrle ________ , ____ ,_;__._;__ 

309-00-2 1,<4:5,5-~ 1_2..3...1,10,1~ 

8030 
826() 

8080 

~--~~-------·------------; Anthracene------------------·-
Antimony _____________________ _ 

"'-'ic:--·-----------......;--1 

Barium-----------------------··-----··------·---·-
~------:-:;---·-----· --·-·-------------
Benzo[aJ~ 9entanthrt1Cene ___________ ...:.__ 

~· .. Benzo[b]lluc:nnllletle, ______________________________ _ 

Benzo[k]fluonlnlhene. __________ ------1 

Benlo[ghl]pery!ene._. ____ . _________________________ ,._ 

Benzo[a]~ene'------------------1 

Beneyt aleohol-----------·-----l 
~r~--------------------------~~ • I 

lllpha-BHC .... ____ , _________________ --1 

• beta-BRC -----·----------·-----·------1 
t deltii-BHC ....... _______________________ , ___ _ 

-.) 

1,.4,4a,5,8.~ (1A,4a,.C..,S,5a,8a.,8a,8)-

107-o5-1 1:~· 3-Chloro- ·---·---------:-

92~-1 [1,1'-Biphenyl]-4-emine ____ __. ... ____ ----1 

120-12-7 Anthr----------------· 
(Total) Antlmonr ---------------------------------···----

{Total) ArsMO:: -------·-·---------·.--------·--·---------

(Total) ~---------·-----------·-·--------·---::: .:. 

71-43-2 Benzene------·-·----------------------·-

56-55--3 Benz[a]anthracerle-----------··-------·-------

205-99-2 Benz[e]acephenanlhlyle.---·-·----·---··-·-··------
207-08-V Benzo[kl11uoranlherle ....... _______ , _________________ _ 

19 t-24-2 Benzo[ghi]pety!ene .. __ .. ______ ............................. -------

~2-8 Benzo[al~ ................ ---------------·--·---

10CI--.!51-8 een:z-thanol. --------------(Total) Beryllium....... ________________ , ______ -! 

319-84-6 cyctone-, 1,2,3,4,5,~. (~3tJ,-44.5Jl,8p)- ... _ 

319-85-7 Cyclohexaoe. 1 ,2,3,C,s.,a..hexacllloo-, (1.ct.2.8.3<t.4tJ,5a.,8PJ- .. .. 

31t-88-8 Cyelo~ 1.2.3,(,5,6-hGxachlooo-, (1<>..2a.3<t.4P.Sa..6P}- ... .. 

8270 
8010 
82eO 
8270 
8100 
8270 
1!010 
7040 
7041 
8010 
7000 
7061 
1!010 
7080 
8020 
8021 

• -82150 
8100 
827& 
8100 
8270 
6100 
8270 
8100 
8270 
8100 
8270 
8270 
11010 
7090 
7091 
8080 
8270 
8000 
8270 
&oeo 
8270 

CAS RN ° 

POL~/ 
1J 

200 
.. 10' 
200 

.. , 10 

100 
100 
10 
20 
5 

100 
·>' 5 

200 
G.OS 

10 
5 

"10 ' 
20 

200 
10 

300 
2000 

30 
500 . 

10 
·20 
20 

1000 
2 
0.1 
~ 

200 
1()· 

200 
10 

200 
10 

200 
10 

200. 
fO 
20 

'. 3 
·so 

2 
0.05 

10 
0.05 

20 
0.1 

20 

.. 
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• 

Common Name 1 

gamma-BHC; Lindane ................................. . 

Bis(2-chloroethoxy)methane ........................................................... . 

Bis(2-chloroethyl) ether; Dichloroethyl ether ............................... .. 

Bis-(2-chloro-1-melhylethyl) ether; 2.2'·Dichlorodil$opropyl 
ether; DCIP. See note 1 

Bis(2-ethylhexyl) phthalate .............................................................. . 
Bromochlotomethane; Chlorobromomethane ............................ .. 

Bromodichloromethane; Dibromochloromethane ...................... .. 

Bromoform; Tribromomelhane ...................................................... . 

-4-Bromophenyl phenyl ether··-------··· .. ---·-··-· ........ , .. 
Butyl benzyl phthalate; Benzyl butyl phthalate-·-·---............ . 

Cadmium ... - .......................... _, ________ _. ________ __ 

Qlrborl disulfide ______________ ;_ ___ ., _____ ....... 

Carbon letreehloride ............. ________ _;__;_. - .. -----

Chlordane._. ___ ..; ________________________ ...... 

Chloroben:zilate --·-·------· ---·---:.....: ....... .. 

] ~; +Chloro-3-rnrtthy~J)her!,_.;.. __ ;.... ........ .. 

. : ChlorOfllhane; Ethyl ehloride ·---------· -·----

· Olloroform;. T ric:hloromelhane 

2-Chloronaphthal- .......... _______ ......................... :. ..... . 

2-Chlorophenol ..... _______ . ________ ~---·--· .. -· .. •• 

-4-Chlorophenyl phenyl ether-------... -· ........................ .. 

Chlotoprene ......................................... --.-------·--·-

Chromium ...................................... ------·-·-·-........... . 

Chrysene ....................................... ----'-.................................... . 

Cobalt ............................................. .,... ......... _______ ;,,, ____ ..... . 

Copper ................. .:. ............................................. : .............................. . 

m-Cresol; 3-methylphenol ........................................... : .................. . 
<>-Cresol; 2-methylphenol ................................................ : .............. . 
p..Cresol; -4-methylphenol ...................................... ,. .............. ;..; ..... .. 
Cyanide ·-·--............................. '-·--·-·-·-'---..................... . 
2,4·0; 2,4-0ichlorophenoxyacetic aeMI ................... ;...................... · 
4,4 1-DDD ............................................................................ : ............ ... 

-4,4• ;~DE ................................................... ; ............. , ....... : ......... :.:...... • 

4,4 '·DDT ........................................................... : ............................. .. 

Diallate .............................................................................................. .. 

CAS AN • Chemical abstraeb service index name • 

58-89-9 Cydohexane. 1.2.3.4.5.6-hexaehloro-, (1n.2o.3J3,4o.,5o.,613)- ..... .. 
111-91-1 Ethane. 1.1'-[methylenebis(oxy)lbis(2-chloro- ........................... . 

111-«-4 Ethane,1,1 1-oxybis[2-chlon>-..................................................... .. 

108-ro-1~ Propane. 2.2•-oxybis[1-<:hloro- ..................................................... .. 

117-81-7 1,2-Benzenedicart>oxylic acid, bis(2-elhylhexyl) ester ................ .. 
74-97-5 Methane. bromoehloro- ..... --................................................... .. 

75-27-4 Methane. bromodi<:hloro- ..... - ..................................................... . 

75-25-2 Methane. tribrorno- .............. - .................................................... . 

101-55-3 Benzene. 1-bromo-4-phenoll)'-----.......................................... .. 

85-68-7 1.2·Benzenedicarboxylic acid, butyl phenylmelhyt ester ........... .. 

(Total) Cadmium ........... ; ............... _______ .. ___ , ............ ..:. ...... ... 

75-1S-O Carbon disulfide---·---·-·---------··----... , ...... 
56-23-5. Methane, tetrachloto- ---.. -----..,.,--· 

Sea Note 8 -4,7-Melhano-1H-ind-. 
2.3,3a,4,7,7a-hexahydro-• 

1,2,-4,5,6,7,8,8-oetachloto-

1 ()6-.47 -8 Benzeoamine,. -4-<:hJoro. _.:,_. ______ .. ___________ .. _ 
108-90-7 l3eraene, chloro- .. ..:. __ .................. -· __ ...... . 

510..15-6 B~etia acid, 4-c:hloro-c·(-4-ehlorophenyl)-a-l'lydrOll)'-. 
ethyl ester. 

59-50-1 Phenol, -4-<:hloro-3-melhyJ-_____ ....... .: ..... ·.,.. --

Sug· 
gested 
meth­
ods I 

8080 
8270 
8110 
8270 
8110 
8270 
8110 
8270 
8060 
8021 
8260 
8010 
8021 
8260 
8010 
8021 
8260 
8110 
8270 
8060 
8270 
8010 
7130 
7131 
8280 
8010 
8021 
8260 
8080· 
8270 
8270 
8010 
8020 
8021 

. 8260 
8270 

• 80-40 
8270 

75-00-3 Ethane. ehloro-............... .;.· --------·--.. -·-' ... ·........ • . 8010 

67-66-3 Methene. trichloro-........... _____ ......... - ................... .. 

91-58-7 Naphthalene, 2-ehloro-.................................................................. .. 

95-57-8 Phenol, 2-cllloro-. _______________ ....................................... .. 

7005-72-3 Benz-. 1-ehJoro-4.phenoxy-______ .. ;..... ..................... .. 

126-99-8 1,3-Butadiene, 2-cllloro-. ___________ .............................. .. 

(Total) Chromium .. - .... ·•·--~--... ----·--...... .-:. ........ ::..; 

21 ~1-9 Chrysene ............................ ____ ................................................ . 

(Total) Cobah __ ............... ____ _.._ .................................................. .. 

(Total) Copper ........ ~ ...................................................................................... . 

108-39-4 Phenol, 3-meltlyl- .............. ____ .. ____ ................................... .. 

95-48-7 Phenol. 2-mothyl- .............. -------··-· ............................ ....: ....... . 
1()6...4.4-5 Phenol. 4-methyl- ; ........... __ .................................................... .. 
57-12-5 Cylltlide .................... : • .. .......................... _ ....... . 
94-75-7 Acetic acid, (2,4-dichlorophenol<)')- --·-·-·---........................... .. 
72-54-8 Benzene 1,1 1·(2.2-dichloroelhylidene)bis( 4-chloro- ................... .. 

72-55-9 Benzene. 1.1 1-(dichloroeth)'enylidene)bis[ 4-chloto- ............... ~ .. .. 

50-29-3 Benzene, 1,1 1-(2.2.2·tridlloroethytid-)bis[-4-chloro-............... .. 

2303-16-4 Qlrbamothioic acid, bi$(1-methylethyi)·,S-(2.3-dichloro-2-pro­
penyl) ester. 

8021 
8260 
8010 
8021 
8260 

. 8120. 
8270 
80-40 
8270 
8110: 
8270 
8010 
8260 
8010 
7190 
7191 
8100 
8270 
6010 
7200 
7201 
6010 
7210 
7211 
8270 
8270 
8270 
9010 
8150 
8080 
8270 
8080 
8270 
8080 
8270 
8270 

POL h•g/ 
L) • 

0.05 
20 

5 
10 
3 

10 
10 
10 
20 

0.1 
5 
1 
0.2 
5 
2 

15 
5 

25. 
10 
5 

10 
40 
50 
1 

100 
1 
0.1 

10 
0.1 

50 
20 
2 
2 

. 0.1 
5 

. ' 10 

5 
20 

5 
1 

10 
0.5 
0.2. 
5 

10 
10 
5 

10 
·40 

10 
50 
20 
70 

500 
10 

200 
10 
70 

500 
10 
60 

200 
10 
10 
10 
10 

200. 
10 
0.1 

'10 
0.05 

10 
0.1 

10 
10 

·~ 

' ; ., 
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Common Name • CAS AN• 
Sug-

gested 
me ttl-

POL 'fg/ 
L) 

ads" 
)------------------------------------+-------~--------------------------~---+-----

Dibera[ a.hlanthntcene , ................................................................ .. 53-7()...3 Olbenz[a,h)anlhr.le.ne .... --.---....................................... _____ __ 

Oibenzofunsn -----·-----------··--·---·-·--·----- 132~Q Dillenzoluran -·--------·----........................ _ 
Oibromcx:hloromelhaoe; Chlorodibromomelhane ........ ...;. ......... . 124-48-1 Methane, dbrctnoehlon>----....... - .......................... ____ _ 

1,2-0ibtomQ-3-(:llloroptopar-.e; OBCP ........ , ................. ___ ........ . 96-124 ~ 1,2-dlbrorne-3-ehl.-................................................ .. 

1.2-0ibroiTIOGthane; Ethylene dribromide; EOB ----·---·; ....... 106-93---' Ettw., 1,2-dibromo>-------..................................... __ _ 

Di-n-butyl phthalate .. __________ . ____________ :..._ 84-74-2 1.2~ .ad. dibutyl ester .............. ...: .. ____ _ 
'-o-Oiehloroberwtne; 1.2-0ichlofobeniene _________ ..;. ____ :..... 

95-50-1 e.enz-. 1,2-dc::hloro- --------------·-----.... - .... ------

~ 1,3-0it::hk:lrobe_·-------._--i 

. ~ :i 

p-Oichlorobenzene 1,~--~--~-':':""'i tos.:...a-7 Benzene, 1,4-6chJoro. _. _. --

. ~ ... •f' ..• ·, • -:: . ~ -:. ;:t . & • -~ ... 

.~ (· ,' 

• ' •• , M'- • ·~ 

3,3'~---....;..-___ .. '"'. _·--... -_._-----1 · -. ·-at~i b.P-Bipherlyll--4,4i-da.m.. 3.3•~-------1 
.,ttans-1.~2-butene . , .. Ho-57-e· . 2-8Wine,. 1~, (E)-----.,..------1 
~ aC-1~ ... 15-7'1-1 MeiMne, ~----------1 

.1
1--~~~ ~ eu-,.1,1-<ichloro-.....,...._._--:--~....,.....------I 

~.2~ EJt'lyleM dichloride~-------; 

tis-t_2-0iehloroelhylene; tis-1_.2~---,----:-c--1 

lrarJs..1,2~ lnlns-1.2~----t. 

2,4-0idllon:Jphen _____ _.:., ______ -1 

t 107-06-2 Elhlne.1.1_-dlctiJoro.:._ __ -. -----:-:··-:-. --------1 

75-35-4 ~ _1,1-dicl'llon). -----··-.,.-

- ~158-159--2. ~ 1.2-dic:h!Oro-, (2)----

1~ Etllene, 1,2~.-(E}-_------...,-------l 

. 120--83--2 f'tlenol, 2.4-dchloro-----
~ . ... _:' .-

2,8-0k:hloropheno---:--------:-----t,. ' 
1.2-0ic:hkwclpn)pan ~ dichloride_,..-------------1 87~ ~-2.~----------------~~ 78--87-6 ~ 1.2-dlchloro---- ....... 

1.3-~ T~ dk;tJioride •• -------t 
2,2-Dichl~a: lsopropytldene chloride---------! 
1,~ __ ;.._ __ ---:-.-.-.-,.-------,---...-·--1 

=..·:. 

.142~ ~ 1.3-dc::hloro-_.._._ .... _ ---.,-.,---· ---. .------:-----1 

594--20--7 Propane, 2.2-dlchloro-------------------·--·---
563-58-.e 1-li'ropena. 1.~-dlchlofo.. ___ ----·--·-------------:--

tis-1,3-0iehloropropene ___ ..... ----:--,.---.------... --- · .• 10061-Qt-5 -~ 1,3-dich~, (Z}--_-----:,....--..... __ ----,.----
lr-.1,3-0iehloroptopene _____ , ____ __;....:.._ 

Dieldrin -----. --··:::-:--:::.. : ·_ .:.:_·.;..... 

DMilhyl phthalate---------. --:--~---":"'7'""..:.._ . 
o,O-.Oielhyf o..2:pyrninyt phosphorolhioate; Thiofl,a...,..m.__--i 

~ . 

Olmelholte --------..... .:::.:...~-~--------
p--(tlime1hylamlno)azobenz-··---------·------i 

· 7,12-Dimethytbent[alanlhnlcene __ . -·-··------_. 

10061--02-.e 1~ 1,3-dichloto-, (E)--__ .. ,-:-------------·-1 

297-Q7-2 Phosphotothiolc acid, 0,0-4ielt!yl 0-pyrazlnyl ester--------

60-51-5 Ptlosphotodilhi add, 0,0-dtnelhyl S-[2-(rnelhylarnlno)-2-
(DC)IIhyl) ester. 

80-11-7 Benzenamlna, N.N-dlmelhyl-4-(phenylazo)- ---------
57-97..:S Banl-[al.-.tlvacene, 7,12~--------------.-

11100 200 
8270 10 
8270 10 
8010 1 
8021 0.3 
8260 5 
8011 0.1 
8021 30 
8260 25 
8011 0.1 
8021 10 
8200 5 
8060' 5 
8270 10 

- 8010 2 
8020 5 ~ 

8021 0.5 
8120 10 
11260 5 
8270 10 
8010 5 
8020 5 
8021 02 
8120 .10 
8260 5 
8270 10 
8010 2 
8020 5 
8021 o.t 
8120 • 15 ' 
8260 5_ 
8270 10-
8270 20 
82GO 100 
8021 -0.5 
11260 5 
8010 . 1 • 
8021 0.5_ 
8260 5 
8010 o.s 
8021 0.3 
8260 5 
8010 .. 1 
8021 o.s 
8260 5 
8021 0.2 
8260 5 
8010 1 . ' 

. ·-8021 o.s 
8260 5 
80<40 5 
8270 10 
8210 10 
8010 0.5 
8021 _Q.I)'i 

8260 !-
8021 "Q.3 
8260 5 
8021 0.5 
8260 15 
8021 Q.2 

8260 5 
8010 20 
8260 10 
8010 5 
8260 10 
8080 0.05 

_8270 : 10 

8000 5 
8270 10 
8141 5 
8270 20 
8141 3 
8270 20 
8270 10 
8270 10 
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Common Name • 

Lead ................ ____ ........... _ ... _ .. __ ................................ - ...... ... 

Mercury-·------............... - ......................... ---.. ··-· 
MelhacryiOnilrile .. --·-·-· .. ··----··--···-·-····-----· ......... . 

Methapyrileoe ..... ----···--.. -··---···--·---···--··­

Methole'ychlor ·-----------·--·---_-·-

Methyl bromide; Btomomethane·--------·----
Methyl chloride: Chloromelllane -·--------

3-M~----:....-----·----
Melhyl e1hyl ketone; MEK; 2-Butanone ----------

Melt¥ iodide; lodomelhane :---·-·-··---_...-1 
Methyl melllaaylate __________ --1 

Methyl melhanesulf~ ... ~-----------2-Melhylnaphthalene __ _ 
Mlllhyf paralh_lon; Parathion me!hyl ________ --t 

. . . 
Methylene brQII1ide; ~--,--------1 

Melhylene c.:hloridlr, Olchlorclmethan----· --
N"flhtllalene_._:_ __ ._. --·---------1 

) . 
. .. 
1.~---
1~------------------------
2~~~------------------~-
~·~----------------------·-
~N~2~----------------m-Nilrorilne; s.Nitrorie .. -
p-NIIroaniline; 4-Nilroanillne · ·~ .. 
~--. ----·----·-
~NilrQphenol; 2,Nitrophenol .... ___ ...;... ___ ,_ 

~~~-----------------
~·-----~--.._..~----
~~~--·--------
N-Ni~-----· .,_ 
. N-Nitroeodlpheny________ .. _ 
N-NIITosodrpropytarnine; N-Nilroso-N-diPfOPYiamlne: 01-n-pro-
. pylrjtrosamine. . 

N-Nitrosornethylelhall11111ne ................... _ .... _. ______ ...... .. 

N-NilrQ$0piperidine ---------·---............... - ............. . 
N-Nitrosopyrl"olidll'le - .. -----·-·-·-·---·-·-·--.. -··-
5-Nilr~lol~----·--· .. ------·---.. ·---··· .. -
P,erathion .. :.. ... _---~-·-·--·----.. --·----......... 
Pentachlorobenzene._, ____ ., _______ .. ,.._ .. _____ .. 
Pentaehforonllrobetlzene __ ............................. _____ _ 
Pen~ophenol--....................................................... - ...... .. 

Pheriaeetin ,;:_ ..... .:.... ........................................................................ . 
Phenanthrene .................................... ; ........................................ ..: .... . 

Phenol-.. --................................................................ _... ........ .. 
p-Phenylenedlatnirte .... _ .................. - ............................................. . 

.J Phorate ....... ~.--................ - ......................................................... . 

-Continued 

CASRN• 

"- (Total) Lead .............................. -------................ ____ _ 

(Totel) Mereury-........... _, _____________ 1 
12&-98-7 2-Propenenitrile, 2-metny~-_______ .. ____ _ 

74-83-9 Me'lhane, bromo-... -----------··_;.,----1 
74-87-3 Methane, chloro-----------·--~ 

58-49--5 Ben%[Jlaeeanttwytene, 1,2~3-methyl- .... ----~ 78-93-3 2.autanone , __ ;,._ ____________ ~ 

7-4--88-4 Methane, Jodo..,.., ---------·-----1 
~~ 

'108-10-1 

74-95-3 

75-09-2 

81-:!0--3 

2.f'ropenoic add, 2-mell'l)4-. rnelhriMt«---.. -· ----1 

~oric ~ me1hyl --·--------1 
~2~--------------------1 Phoephorolhiolc ac;ld, 0,0-dlmelh)4 0-{4-flifropher¥) ester -

'.· 
2~~-

Melharle, dibrofno., 

Meth8ne, dfehloro. 

NaphU\aleM .• 

130-15-4 1.~-------------1 
134-32-7 1-Naphlllaler~~~~~'llne---------_..;.--l 
81-69--8 ·2~-----'--·----------1 
~otai)Na ~.~~-----------------------~ 

88-74-4 Benzenamine, ·2-nitro----------------1 89-W--2 BenztMmine, 3-nitro-______ ..;_ ____ --1 

100-01-8 Benz_,._ -4-nllro ------------1 ' 98-9$-3 Benz-. nitre). _______ _ 

88-75-5 Phenol, 2-nitro-·----------------1 

100-02-7 f'tlencl. ~--------------..,-1 ....... 

924-18-3 1-Bulanlmine, ~--·----------1 
55-18-5 Elhenarrine, N-et1¥-f" ... Jiros0-·-----
82-75-9 Melhanamlrle, N-methyi-N-nill'l:lso---------1 
86-30-8 B~ N~-----·----1 
621~7 1-Propenetnine, N~-.. --------

10595-95-8 Ethanamlne, N-methyi-N-nilroso--.:_ ________ _ 

100-75-4 P'lp8fldine. 1..nitrollo- ·-------
930-55-2 Pyrrolldlne. 1-nllroso--------
99-55-8 Ben:enamine, 2-melhyJ-~-----·-
56--38-2 PhosphoroltliQic add. 0,0-diethyl 0-{-4-nltrophenyt) ester--

608-93-5 Benzltl'le, pentaehl~----'---·-----·--
82-68-8 a.nx-. perrtachloronit------------1 
87-86-5 Phenol. penta~ ·------· .. ----........ - ... -

62"""'4--2 . Acetiunide. N-(.C...tholcyphenl)_ .. _____ ...... , ..... _ .......... --

85-01-8 -~ene ·--- ............. - .................. -

108-95-2 Phenol ........... _ .... _____ ;_ _____ .. __ ,, ................... ___ .. 
106-50-3 1,4-Benzet~ediamine .... .. .......................... _ .............. _ 
298-02-2 Phosphotodlltlloic:: acid, 0,0-dieltlyl 5-[(etttylthio)melhyt] "'•· 

Sugo 
POL trgl ge$Wd 

fMth. l) 
ods. 

6010 <100 
7420 1000 
7421 10 
7470 2 
6015 5 
8280 100 
8270 100 

8080 2 
8270 10 
6010 20 
8021 10 
6010 1 
8021 0.3 
8270 10 
8015 10. 
8260 100 
8010 .co 

• 8260 10 
8015 2 
8260 30. 
8270 10 
8270 10 
81-40 '0.5 
8141 1 
8270 10 
8015 5 
8260 100 
8010 15 
8021 20 
8260 10 
8010 5 
8021 0.2 
8260 10 
8021 '0.5 
8100 200 

. 826(t 5 
8270 10 
8270 10 
8270 10 
8270 10 
6010 150 
7520 .coo 
8270 50 
8270 50 
8270 20 
8090 .co 
8270 10 
8040 5 
8270 10 
8040 10 
8270 50 
8270 10 
8270 20 
8070 2 
8070 5 
8070 10 

8270 10 
8270 20 
8270 40 
8270 10 
8141 0.5 
8270 10 
8270 10 
8270 20 
8040 5 
8270 50 
8270 20 
8100 200 
8270 10 
8040 1 
8270 10 
8140 2 
8141 05 
8270 1~ 

I 

!'"" 
! 
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-Continued 

Common Name • Chemical abstracts service index name • 
~ 

POL 'fg/ gested 
metn-

CAS RN• 
L) 

O<b. 
}------------~-----r----~------------~---4--4----

Polychlorinattd biphenyl~ PC&; Aroelors-------1 

Pronamide .•.•. -----···-···------·-·-······•--------·------ 23950-58-5 Benzamide, 3,5-dichloro-N·(1,1-dimelhyl·2·propynyi)-. .... - ... -
Propionitnle; Elhyl cyanid" 107-12...() Prcpanenilrile ...................................................... ----·--·-----

Pyrene ·······----·--·--··············-···----·-------··---------·----------- 1~ Pyrena ............................................................................................... . 

Salrole ........................................................ --·--·-····--·--------- 9"-59-l 1,3-Beru:odioxote, 5-(2-propenyl)-- .................... -·--·---
Selenium---------------- ·- (Total) Se1Mum ...................... - .......... - .................. _________ _ 

~ ............... -......................................................................... (Tolal) Silver ............. :-·-·······---·---.................................................... -.. 

Sitv=. 2.4.5-lP -------·-- 93-72-1 Propanoic add, 2-(2,4,5-triehloropheno>)- .. ___ _ 

Sryrene ···---------- 1()().-42-5 Bemer~~~, elhe!¥--------·-·---·--------
Sulfide ----·-·-----------
2,4,5-T: 2,4,5-Trlctbophenoxyacetlc acid--------1 1.2.4,5-Telrachlaobetaene ____________ _ 
1,1,1.2-Tetraehlcln:Mtthane ... ___________ -1 

1.1.2.2: Tetiaehloroethane ........................................... ,. _____ _ 

2,3,4,6-Tetrachbophenol_., ______________ _ 

Thalliurn----'--------·------·------1 
T111 ...__ ____ , ______ -1 

T~--__..:.-~----·-------"----

1&496-25-8 Sullide----------·-----------1 
93-76-5 Acetic acid, (2.4,5-trichlorophenoxy}--------t 
95-94-3 Beru:ene, 1,.2,4,5-tetrad'lloro---------

830-20-8 Ethane, 1,1,1.2-tetrachloro------·-------1 

79-34-5 Ethane, 1,1.2.2-tetrachloro-------------·--·----

127-18-l EtheNI, tetrachloro----------------·------
58-90-2 Phenol. 2,3,4,6-tetra~ ·--:..---·----------1 

(Total) Thalllum---·---------------1 
(Total) Tan----·--------------1 

108-88-3 Berl%ene, methyl- ...... --------·------·-·----·-

) 
-·".. o-Ti:Jiuidirie -----·----·-·------1 Toxaphetle _____________ _,_ __ -1 

1.2,4-Trichlotobenz---------·---------

1.1.1-Trichloroettww, Methyk:hloroform ------~--··-· 

1,1.2-Trichloroethane--·-----------1 

Trichloroethyltn Trichlotoetl'lene .......... -.--

TrichlOrofluotomethanr, CFC-11 ------------------

2,4,5-TriehlorophenoJ ___ ,_ ........................ ----· .. 
2,4,6-Trichlorophenoi _________________ ................ --.. -

1.2,3-Trieh~ ____ , .............. ,_ ........................... - .. .-.. .. 

_ O.O,O..Trielhyl phosphorothioete ...................................... -----
sym.. Trinitrobenzene ·------------........................ -------· 
Vanadium----.. - ..................... - ..... - ...................... - ............ . 

Vlfl)'l acetate .... ·----------··---............................... -·-·-----
Vinyl chloride; O\lor1)elhene ......................................................... .. 

71-55-6 Elhane, 1,1,1-lrichloro---------------------·-----1 

79--00-5 Ethane,1,1,2-bichloro----------· ------
79-o1-6· Elhene_. trlchloro-__ __:,_ ___________ , 

95-95-4 Phenol, 2.4,5-tn:;hlom------------·----·--------
88-06-2 Pnenol. 2,4,.S.Irichloro----------------

96-18-4 Propane, 1,2,3-trichloro-, ____ .............................................. -·-

126-68-1 Phosphorothioic acid. O,O,O..bielh)'le$ler .................. - ...... - ... .. 
99-35-4 B~ene. 1,3,5-binilro----·--------·-------------------

CT ota~ Vanadium ................................. - ......................................... _. __ 

108--05---4 Acetic acid, ethenyl ester ....... _ ..................................... _ ........... . 
75--01-4 Elher.e, chloro-.......................................................... _ ................... .. 

Xylene (lotal) ------......................................................................... S&e Note 11 Benzene, dimethyl-.................................................................. .. ... 

Zinc ................ ---·-·---·--·------·--·---·-·--·---······------------.... (Total) Zinc .................................................................................................... . 
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7951 ; _________________________ ~------~------------------------~---
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